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ABSTRACT
A number of new complex compounds of palladium, gold, 
rhodium, iridium, and platinum have been synthesized and 
characterized. The organic ligands used in the pre­
ponderance of reactions involve some nitrogen heterocycle 
such as 2-arylpyridines, 2,6-diarylpyridines, benzo[h]quinoline, 
and caffeine. In most cases, the organic ligand underwent 
an intramolecular metallation (designated "orthometallation" 
or more generally "cyclomecallation") with subsequent 
formation of a chelate ring containing a covalent metal to 
carbon bond.
The effect of varying the substituents on the aryl 
moiety of the 2-arylpyridines supported the hypothesis that 
after initial N-complexation, the 2-position of the aryl 
nucleus experiences an electrophilic attack by the 
palladium atom. Several different palladium starting 
materials were used and it was found that: (a) Pd(acetyl-
acetonate)2 did not react; (b) PdCl2 (C6H 5CN)2 did not 
metallate, but did give a 2:1 (ligand-to-metal) adduct; 
and (c) both PdCli*2- and Pd(CH3COO)2 gave the desired cyclo­
metallated products. Palladium(II) acetate has proven to be 
a more useful starting material than the tetrachloropalladate, 
since the resulting acetato-bridged dimers, unlike the chloro- 
bridged dimers, are soluble in polar organic solvents.
Reactions of gold in such forms as AuCl^-, (C6H 5)3PAuCl,
xi
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and dichloro-P-l,2-bis(diphenylphosphino)ethanedigold(I) 
failed to produce any cyclometallated products under a 
broad assortment of conditions. Only compounds containing 
1:1 (ligand to metal) adducts were formed. Occasionally, 
reduction to metallic gold occurred. Both rhodium and 
iridium formed biscyclometallated products containing two 
chelated rings per six-coordinated trivalent metal atom.
In contrast to the four-coordinate palladium(II) chloro- 
bridged dimers, the chloro-bridged dimers of rhodium and 
iridium were conveniently soluble in organic solvents. 
Platinum formed a compound which was analogous to those 
of the palladium chloro-bridged dimers.
Detailed high resolution %  NMR studies (200 MHz) 
showed that cyclometallation did occur on the aryl nucleus 
of the 2-arylpyridines. The 6-heteroaryl protons and 
those 'ortho' to the metal-carbon bond are both shifted from 
the free ligand position. Depending on the metal, the 
shifts are either up- or downfield. These shifts can be 
explained by either through-space interactions of overlying 
aromatic rings and/or through-bond (metal-to-ligand) effects. 
The *H NMR spectra of these biscyclometallated rhodium 
and iridium complexes have established a trans-nitrogen 
octahedral structure for all of these d6 compounds.
Both acetato- and chloro-bridged dimers react with 
certain ligands to give mononuclear complexes containing 
the intact cyclometallated ligand. *H NMR studies of
xii
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palladium and rhodium complexes containing diethyldithio- 
carbamate and 2-arylpyridines as chelating ligands strongly 
suggest that in the d8 palladium compound there is metal- 
to-ligand back bonding whereas in the d6 rhodium compound 
no such bonding occurs. Furthermore, in the former complex 
the methyl groups are found to be in non-equivalent sites 
while the methylene protons are in equivalent sites. The 
reverse is true for the latter (Rh) complex. These observa­
tions are explained by the different structures of the Pd 
and Rh complexes, but more importantly by different metal- 
ligand bonding to both the arylpyridine and the dtc ligands. 
The nitrogen of the dtc ligand appears to be _s£ 3 in the 
Rh complex and closer to sp2 in the Pd complex.
Single crystal X-ray determinations have confirmed that 
metallation of an aryl ring of both 2-arylpyridines and 
2 ,6-diarylpyridines has occurred.
xiii
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INTRODUCTION
A. General Introduction
Cyclometallation, earlier known by the more restric­
tive term orthometallation, represents an interesting and 
varied class of reactions. Although this kind of metallation 
has been known for less than twenty years, a large number of 
such reactions have been conducted. Various reviews of this 
subject have appeared.1-10 In general, this reaction occurs 
between a metal substrate and an organic compound containing 
a donor atom from group VA or VIA. After initial formation 
of an adduct, which may or may not be isolable, a C-H 
bond is ruptured and a chelate ring containing a metal-to-carbon 
o-bond is produced. The hydrogen originally attached to carbon 
is either added to the metal to form a metal hydride 
complex or is eliminated as IT1" (equation 1). The latter 
has been found to be expedited by a proton acceptor, such 
as an alkyl amine or sodium acetate.
+ HX
( I )
1
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2Titanium11-14, scandium12-13, vanadium12-13, gold15-18, 
and all transition metal elements contained in groups 
VI-VIII4-8 with the exception of technetium have been reported 
to form cyclometallated complexes. Among representative 
elements, lithium8*9, aluminum8, boron8, and tin19-21 
have also been reported to form cyclometallated complexes. 
Cyclopalladation has been one of the more common reactions 
of this type with a tetrachloropalladate(II) ion, PdCli*2-, 
generally being the metal ion source. Nitrogen and phosphorus 
are the predominant (-90%) donor atoms with oxygen, sulfur, 
arsenic, and antimony accounting for the remainder.
In 1968, Cope and Friedrich22 published a study based on 
nitrogen donor atom ligands. Their conclusions were that the: 
1) chelated ring must contain five atoms; 2) nitrogen atom 
must be tertiary; and 3) palladium(II) and platinum(II) ions 
act as electrophilic reagents in these reactions. While 
the third conclusion has held through now, conclusions one 
and two have turned out to be valid generalizations although 
exceptions have been found for both. Thus, by far the most 
prevalent, a five-membered ring is not sacrosanct. Examples 
with three-(l14, 223), four-(324, 425), and six-(526, 627) 
membered rings are now known, although not with equal 
validation.
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2P h„ P
Me Me
\/
C 
II 
c
3^  /\
Pt CH0
/ \ /
Cl 
Me Me
H / H
\ /
c2h5— c-N CH3
H — C —  Pt —  Cl
S ~  0
/ \
H3 C CH3
3
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4As for tertiary nitrogen donor atoms, cyclometallated 
complexes with triphenylmethylamine28 and N-methyltriphenyl- 
amine28 have been described. Thus, both primary and secondary 
nitrogen donor atom ligands may form cyclometallated com­
pounds. Studies29 involving substituted azobenzenes with 
both manganese(I) and palladium(II) led to several deduc­
tions: 1) raetallation is preceded by initial coordination
of one of the two azo-nitrogen atoms: 2) the presence of the 
electron-withdrawing azogroup activates both rings toward 
nucleophilic aromatic substitution; and 3) the favored site of 
metallation is determined by the nature of the substituent 
on the ring, electron-withdrawing substituents (F or NO2) 
activating the ring to attack by nucleophilic reagents 
(MeHn(CO)4), while electron-donating substituents (Me or 
OMe) activate the ring towards electrophilic attack (PdCl^2-). 
A similar study30 involving m-fluorobenzylphosphines with 
iridium(I), rhodium(I), palladium(II), and platinum(II) 
showed that for rhodium and iridium a nucleophilic mechanism 
operates while for palladium an electrophilic mechanism is 
operable. No decision for platinum could be made based on 
experimental data.
There has been no reported systematic study for other
donor atoms in question. Phosphorus is known to form four-,
five-, and six-membered cyclometallated rings.1**5 Generally,
1----- 1
triarylphosphines form four-membered (M-C-C-P) rings, while 
trialkylphosphines form either four- or five-membered
R eproduced  with perm ission o f the copyright ow ner. Further reproduction prohibited w ithout perm ission.
5(M-C-C-C-P) rings depending on chain length aad/or steric
hindrance. Phosphites customarily produce five-membered 
I i
(M-C-C-O-P) rings. Cyclometallated complexes containing
sulfur as the donor atom have recently been reviewed7
I I
and a tendency for five-membered (M-C-C-C-S) rings is
I 1 ■ •
evident, however, three- (M-C-S), four- (M-C-C-S), and six-
l I
(M-C-C-C-C-S) membered rings are also known. Oxygen, 
arsenic, and antimony form so few cyclometallated complexes 
that no firm conclusions or suppositions can or should be 
made at this time.
Cyclometallated rings have been used in organic 
synthesis. For example, Takahashi and Tsuji31 allowed carbon 
monoxide to react with azobenzene cyclopalladated complexes to form 
2-aryl-3-indazolines (equation 2). Holton32 reported the 
conversion of cyclopentadiene into a lactone diol, 7, by 
means of cyclopalladation. This diol has been subsequently 
converted into a variety of natural prostaglandins.
Murahaski, et al.33 reported the preparation of 2-substituted 
and 2 ,6-disubstituted benzaldehydes from cyclometallated 
compounds. The ortho positions of azobenzene are chlorinated 
upon reaction with chlorine in the presence of catalytic 
quantities of PdCl2 .3t*
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6#
R
CO
[H]
C-0HN (2 )
H OHOH
B. Scope of the Present Research
The current research was initiated after the report 
by Kasahara35, in which formation of a cyclopalladated 
complex, 8 (where R = H), from the reaction of 2-phenylpyridine 
with lithium tetrachloropalladate(II) was reported. A 
variety of 2-arylpyridines were prepared and allowed to react with 
diverse rhodium(III), iridium(III), palladium(II), platinum(II), 
gold(I), and gold(III) compounds. Interest centered on the 
ease or difficulty of cyclometallation as a function of: 
a) electron density on the aryl moiety, and b) particular
R eproduced  with perm ission o f the copyright ow ner. Further reproduction prohibited w ithout perm ission.
7metal center involved. Effects of different metal centers 
on the ligands used could be studied easily by NMR. 
Unfortunately, the chloro-bridged dimers of palladium were 
found to be so insoluble in most common organic solvents 
that NMR studies of these species were deemed impossible. 
This difficulty was overcome by the preparation of the very 
soluble acetato-bridged dimers, 9, either directly from 
palladium(II) acetate and the 2-arylpyridines or by the 
interconvertion of the chloro-bridged dimer by use of 
silver(I) acetate.
8
Ac 0
9
When the 2-arylpyridines were prepared via a diazonium 
coupling reaction (equation 3), a mixture of substituted 
pyridines was obtained. It was then found that palladium(II) 
acetate would react exclusively with the 2-arylpyridine isomer 
and form the cyclopalladated complex. The same reaction with
R eproduced  with perm ission o f the copyright ow ner. Further reproduction prohibited w ithout perm ission.
8lithium tetrachloropalladate(II) gave an inseparable 
mixture of adducts (non-cyclometallated complexes) plus the 
desired organometallic.
Both rhodium and iridium formed biscyclometallated 
complexes containing two chelated rings per six-coordinated 
trivalent metal atom. In contrast to the corresponding 
four-coordinate chloro-bridged palladium(II) dimers, the 
chloro-bridged dimers of rhodium(III) and iridium(III) 
were readily soluble in organic solvents. The NMR spectra 
revealed that these biscyclometallated ligands are equivalent 
and hence the pyridyl nitrogens must be trans to each other. 
Thus 10 represents the configuration of these complexes.
(3)
X X X
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9Mononuclear dithiocarbamate complexes of palladium(II) 
and rhodium(III) containing the cyclometallated 2-arylpyridine 
(11 and 12, respectively) were also prepared. The palladium 
monomer was desired in order to eliminate any through-space 
shielding caused by an adjacent (syn-juxtapositioned) 
aromatic ring. Acetato-bridged palladium dimers, whose crystal 
structures have been determined36-39, exhibit a "boat" 
conformation of the bridging acetates, in order to permit 
greater electron delocalization. The remaining ligands 
attached to the two planar, bridged palladium atoms are 
brought into close proximity of each other, 13.
II 12
13
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1 0
Reactions of 2,6-diarylpyridines with palladium(II), 
rhodium(III), and iridium(III) were undertaken to see if 
metallation of both aryl rings could be accomplished. Mono- 
cyclopalladation (14) did occur and all subsequent attempts 
to metallate the remaining aryl ring were unsuccessful. Both 
rhodium and iridium failed to complex and, in fact, reduc­
tion to metallic states rapidly occurred.
Ac 0
14
Benzo[h]quinoline cyclometallated complexes with palladium 
were also prepared. Although previously prepared as the 
chloro-bridged dimer1*0*1*1 and the acetato-bridged dimer1*2 
their *H NMR data were sketchy at best. Preparation of a mononuclear 
dithiocarbamate benzo[h]quinoline cyclometallated palladium(II) 
complex allowed the assignment of all aromatic protons.
In collaboration with Dr. R. D. Gandour, the cyclo- 
palladated complex 15 was prepared as a precursor in the 
synthesis of 2-methoxy-6-tert-butylbenzoic acid.
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1 1
H OCH,
15
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EXPERIMENTAL SECTION
A. Analytical Procedures
Melting points were taken with a Thomas-Hoover capillary 
melting point apparatus and are uncorrected.
A Dupont Model 900 Thermal Analyzer was used to obtain 
differential thermal analyses (DTA) from which decomposition 
and/or melting points were obtained. These decomposition/ 
melting points are uncorrected. A Dupont Model 950 Thermo- 
gravimetric Analyzer was used in conjunction with the DTA 
for thermogravimetric analyses (TGA). A nitrogen flow was 
used to purge the sample compartment to protect the samples 
from moisture and oxygen during the thermal analyses.
Infrared (IR) spectra were recorded on either a Perkin- 
Elmer Model 621 infrared grating spectrophotometer in the 
4000-200 cm-1 region or a Beckman Model 9 infrared spectro­
photometer in the 4000-400 cm-1 region. Spectra were 
calibrated with polystyrene. Solids were usually run as KBr 
pellets; however, mulls were made using nujol as the mulling 
agent and Csl plates were used where stretches below 500 cm-1 
were sought. These absorptions are designated as: vs = 
very strong, s = strong, m = medium, w = weak, sh = shoulder, 
and br = broad.
The *H NMR spectra were obtained on a Varian Associates 
A-60A spectrometer operating at 42°C except where noted, 
in which case either a Varian Associates HA-100 spectrometer
12
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operating at 25°C or a Bruker WF-200 spectrometer operating 
at 300°K was used. The 100 MHz spectra were obtained by 
Mr. John R. Martin (LSU). Tetramethylsilane (Mei+Si) was 
the internal standard (6 = 0). Chemical shifts are reported 
in parts per million (ppm) on the 6 scale. The data in the 
experimental section are reported in the order: chemical
shift, multiplicity (where s = singlet, d = doublet, t = 
triplet, q = quartet, m = multiplet), interpretation, coupling 
constants, and integration.
Mass spectra were obtained on a Hewlett-Packard Model 
GCMS-5985. Spectra were obtained by Mr. Donald A. Patterson 
(LSU). The data in the experimental section are reported 
in the order: mass, per cent abundance, and fragment
interpretation.
Visible-ultraviolet spectra were recorded on a Cary- 
Model 14 recording spectrophotometer at ambient temperature. 
Coleman matched Spectrosil, 10 mm light path, cells were 
used. The data in the experimental section are reported 
in the order: solvent, concentration (c), wavelength (mm),
and molar absorptivity [e(cm2 mole-1)].
Carbon, hydrogen, and nitrogen analyses were carried 
out on a Perkin-Elmer Model 240 Elemental Analyzer by 
Mr. Ralph L. Seab (LSU).
B. Materials
All common solvents and reagents were purchased 
from commercial vendors, unless specifically mentioned below,
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and were used without further purification. Chromatography 
columns were made with silica gel (60-200 mesh), 'Baker 
Analyzed' reagent. Thin layer chromatography (TLC) slides 
were made with Brinkman silica gel HF 254.
1. Solvents
Ethyl ether, tetrahydrofuran (THF), and toluene were 
purified by the following procedure. The solvents were 
refluxed over CaH2 for 48 hrs before being distilled into 
a flask containing sodium metal. Benzophenone (~2 g) was 
added and the mixture refluxed until the blue color of the 
ketal persisted. Dry, oxygen-free solvents were distilled 
from this ketal. All of the above distillations and manipula­
tions were conducted under a dry nitrogen atmosphere.
The reagent grade pyridine was purified by refluxing 
over KOH for 48 hrs before being distilled into a flask 
containing either BaO or CaO. The mixture was further 
refluxed for 24 hrs, then distilled collecting the fraction 
boiling over 114°C. All of the above distillations and 
manipulations were conducted under a dry nitrogen atmosphere.
2. Inorganic Reagents
Lithium tetrachloropalladate(II) was prepared by 
the procedure of Cope and Friedrich.22 Palladium(II) chloride 
was Fisher dry purified grade. Palladium(II) acetate was 
purchased from D. F. Goldsmith Chemicals and Metals Corp. 
and also from SynMet, Inc., Baton Rouge, La. Bis(benzonitrile)- 
dichloropalladium(II) was synthesized by the method of
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Kharasch, et al.43 Bis(acetylacetonato)palladium(II) was 
made by the process described in Gmelins.44
Tetrachloroauric(III) acid hydrate was prepared by the 
procedure in Brauer.45 Sodium tetrachloroaurate(III) hydrate 
was synthesized by the process described in Gmelins.46 
Tetraethylammonium tetrachloroaurate(III) was made according 
to the procedure of Goggin and Mink.47 Chlorotriphenyl- 
phosphinegold(I) was generated by the procedure of DeStefano 
and Burmeister.48 Acetatotriphenylphosphinegold(I) was 
obtained via the method of Nichols and Charleston.49 Dichloro- 
y-1,2-bis(diphenylphosphino)ethanedigold(I)[(Diphos)AU2CI2] 
was synthesized by the procedure of Westland.50
Potassium tetrachloroplatinate(II) was purchased from 
SynMet, Inc., Baton Rouge, La.
Rhodium(III) chloride trihydrate and iridium(III) chloride 
hydrate were purchased from Matthey Bishop, Inc.
Silver(I) acetate was prepared according to the procedure 
described in Gmelins.51
3. Organic Reagents
2-Phenylpyridine, 16a, was prepared by the procedure 
of Vogel52: bp 130-132°C (8 mm) [Lit.52 bp 140°C (12 mm)];
NMR (CDC13) 6 7.20 (m, 5-PyH, 1H), 7.33-7.60 (m, 3*-5’-ArH,
3H), 7.60-7.83 (m, 3,4-PyH, 2H), 7.92-8.25 (m, 2', 6 '-ArH,
2H), 8.70 (ddd, 6-PyH, J = 5, 1
and 691 (vs) cm-1; UV (MeOH, c = 3.95 x 10-5M) (e) 288
(sh, 5400), 276 (9100), and 245 (11,400).
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2-(21-Methylphenyl)pyridine, 16b, was prepared by 
the procedure of Cumper, et al.53: bp 95°C (0.6 mm) [Lit.53
bp 102°C (1.2 mm)]; NMR (CDC13) 6 2.34 (s, 2'-ArMe, 3H), 
6.93-7.77 (m, 3'-6’-ArH, 3-5-PyH, 7H), 8.66 (ddd, 6-PyH,
J = 5, 1.5, 1 Hz, 1H); IR (neat) 791 (s), 745 (vs, br), and 
725 (s) cm-1; MS (70 eV) m/e 169 (37, M+), 168 (100, C12H 10N+), 
and 167 (27, C^HgN"4*).
2-(3'-Methylphenyl)pyridine, 16c, was synthesized by 
the general method of Haworth, et al.5Lt: bp 104-106°C (2 mm)
[Lit.51 bp 102°C (0.5 mm)]; NMR (CDC13) 6 2.35 (s, 3'-ArMe,
3H), 7.12 (m, 5-PyH, 1H), 7.35 (m, 4',5’-ArH, 2H), 7.68 (m, 
3,4-PyH, 2H), 7.78 (m, 2',6'-ArH, 2H), 8.68 (ddd, 6-PyH,
J = 5, 2, 1 Hz, 1H); IR (neat) 770 (vs, br), 745 (s), and 
702 (s) cm-1.
2-(4'-Methvlphenyl)pyridine, 16d, was supplied by 
Dr. J. M. Roper (LSU): bp 124°C (5 mm) [Lit.53 bp 142°C
(10 mm)]; NMR (CDCI3) 6 2.38 (s, 4'-ArMe, 3H), 7.13 (m, 5-PyH, 
1H), 7.22 (dd, 3' ,5'-ArH, J = 8.5, 2 Hz, 2H), 7.63 (m, 3,4- 
PyH, 2H), 7.90 (dd, 21,6 '-ArH, J = 8.5, 2 Hz, 2H), 8.62 (ddd, 
6-PyH, J = 5, 1.5, 1 Hz, 1H); IR (neat) 830 (s), 773 (vs), 
and 740 (s) cm-1; UV (MeOH, c = 3.8 x 10 5M) (e) 292
(sh, 5900), 286 (sh, 8600), 278 (12,500), and 251 (14,500).
2-(2'-Methoxyphenyl)pyridine, 16e, was obtained by 
the procedure of Haworth, et al.55: bp 96-99°C (0.2 mm)
[Lit.56 bp 120-140°C (0.1 mm)]; NMR (CDCI3) 6 3.78 (s, 2'- 
ArOMe, 3H), 7.03-7.98 (m, S'-b’-ArH, 3-5-PyH, 7H), 8.70 (ddd,
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6-PyH, J = 5, 1.5, 1 Hz, 1H); IR (neat) 1260 (vs, br), 805 
(m), 795 (s), 755 (vs, br), and 735 (sh) cm-1; MS (70 eV) 
m/e 185 (64, M+), 184 (71, C12H 10NO+), 156 (58, C11H 10N+ ),
155 (52, C n H 9N+), 154 (100, C n H 8N+), and 80 (72, C5H6N+).
2-(3'-Methoxyphenyl)pyridine, 16f, was made following 
the method of Haworth, et al.55: bp 104-106°C (2mm); mp
(picrate) 151-152°C [Lit.55 mp (picrate) 154-155°C]; NMR 
(CDC13, 200 MHz) 6 3.78 (s, 3'-ArOMe, 3H), 6.92 (m, 4'-ArH, 
1H), 7.11 (m, 5-PyH, 1H), 7.32 (t, 5 '-ArH, J = 8 Hz, 1H),
7.53 (m, 6'-ArH, 1H), 7.57-7.68 (m, 2'-ArH, 3,4-PyH, 3H),
8.63 (ddd, 6-PyH, J = 6 , 2, 1.5 Hz, 1H); IR (neat) 1215 (s,
br), 770 (s), 745 (m), 725 (m), and 690 (m) cm-1; MS (70 eV)
m/e 185 (61, M+), 184 (100, C 12H 10NO+), 156 (45, Cn H 10N+),
155 (56, C n H 9N+), and 154 (82, Cn H8N+ ).
2-(4' -Methoxyphenyl)pyridine, 16g, was prepared by 
the procedure of Haworth, et al.55: mp 49-50°C (Lit.55
mp 49-50°C); NMR (CDC13) 6 3.82 (s, 4'-Ar0Me, 3H), 6.98 (dd,
3',51-ArH, J = 9, 2 Hz, 2H), 7.08 (m, 5-PyH, 1H), 7.64 (m,
3, 4-PyH, 2H), 7.96 (dd, 2',6'-ArH, J = 9, 2 Hz, 2H), 8.63 
(ddd, 6-PyH, J = 5, 2, 1 Hz, 1H); IR (KBr) 1257 (vs), 850 (s), 
790 (vs), 745 (m), and 725 (m) cm-1.
2-(2 ' -Nitrophenyl)pyridine, 16h, was synthesized by 
the method of Haworth, et al.5l<: mp 59-61°C (Lit.57 mp
60°C); NMR (CDCI3) 6 7.13-8.05 (m, S'-b'-ArH, 3-5-PyH, 7H), 
8.65 (ddd, 6-PyH, J = 5, 1 Hz, 1H); IR (KBr) 1515 (vs, br), 
1355 (vs, br), 795 (s), 780 (s), 755 (s), and 740 (s) cm-1.
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2-(3'-Nitrophenyl)pyridine, 16i, was made via the 
procedure of Haworth, et al.51*: mp 70-71°C (Lit.57 mp 74°C);
NMR (CDC13, 200 MHz, Figure 1) 6 7.31 (m, 5-PyH, 1H), 7.61 
(t, 5’-ArH, J = 8 Hz, 1H), 7.75-7.83 (m, 3,4-PyH, 2H), 8.12 
(ddd, 6 '-ArH, J = 8 , 2, 1.5 Hz, 1H), 8.33 (m, 4*-ArH, 1H),
8.70 (m, 6-PyH, 1H), 8.84 (t, 2'-ArH, J = 2 Hz, 1H); IR (KBr) 
1525 (vs, br), 1350 (vs, br), 780 (s), 740 (s), 730 (s), and 
675 (m) cm-1; MS (70 eV) m/e 200 (82, M+) and 154 (100, 
Cn H0N+).
2-(4'-Nitrophenyl)pyridine, 16j , was prepared by 
the method of Haworth, et al.54: mp 128-130°C (Lit.57 
mp 131°C); NMR (CDC13) 6 7.37 (m, 5-PyH, 1H), 7.83 (m, 3, 
4-PyH, 2H), 8.16 (dd, 3’,5f-ArH, J = 9, 1 Hz, 2H), 8.35 
(dd, 2',6'-ArH, J = 9, 1 Hz, 2H), 8.77 (ddd, 6-PyH, J = 5,
1.5, 1 Hz, 1H); IR (KBr) 1520 (vs), 1355 (vs), 793 (s), and 
745 (vs) cm-1; MS (70 eV) m/e 200 (100, M+) and 154 (44, 
Cn H8N+).
2-(2'-Chlorophenyl)pyridine, 16k, was obtained 
following the procedure of Butterworth, et al.58 and was 
neither separated nor purified prior to use.
2-(4'-Chlorophenyl)pyridine, 161, was synthesized 
via the method of Butterworth, et al.58: mp 50-51°C (Lit.58
mp 52-53°C); NMR (CDCI3) 6 7.15 (m, 5-PyH, 1H), 7.42 (dd,
3' , 5 1-ArH, J = 8.5, 2 Hz, 2H), 7.62 (m, 3,4-PyH, 2H),
7.97 (dd, 2',6 '-ArH, J = 8.5, 2 Hz, 2H), 8.70 (ddd, 6-PyH,
J = 5, 2, 1 Hz, 1H); IR (KBr) 845 (m), 830 (m), 770 (vs),
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and 735 (w) cm-1; MS (70 eV) m/e 191 (33, Cn H8N 37C1+),
189 (120. Cn H8N 35C1+), and 154 (85, C n ^ N + J .
2-(2' -Bromophenyl)pyridine, 16m, was prepared by the 
general procedure of Butterworth, et al.58 and was not purified.
2- (4' -Bromophenyl)pyridine, 16n, was obtained 
following the procedure of Butterworth, et al.58: mp 60-61°C
(Lit.58 mp 62°C); NMR (CDC13) 6 7.23 (m, 5-PyH, 1H), 7.57 (dd,
3' ,5'-ArH, J = 8.5, 1.5 Hz, 2H), 7.67 (m, 3,4-PyH, 2H),
7.90 (dd, 2' , 6'-ArH, J = 8.5, 1.5 Hz, 2H), 8.68 (ddd, 6-PyH,
J = 5, 1.5, 1 Hz, 1H); IR (KBr) 838 (s), 770 (vs, br), 760 
(vs), and 735 (s) cm-1.
2-(3' ,5'-Dimethoxyphenyl)pyridine, 16o, was prepared 
by the general procedure of Haworth, et al.54: NMR (CDCI3)
6 3. 77 (s, 3' ,5'-ArOMe, 6H), 6.45 (t, 4'-ArH, J = 2 Hz, 1H),
7.04 (m, 5-PyH, 1H), 7.12 (dd, 2',6’-ArH, J = 2, 1 Hz, 2H),
7.58 (m, 3,4-PyH, 2H), 8.58 (ddd, 6-PyH, J = 5, 1.5, 1.5 Hz,
1H). The ligand was not further purified prior to reaction.
4
5
6
16
(R = H) f (R = 3'-OMe) k (R *= 2'-Cl)
(R = 2'-Me) i (R = 4'-OMe) 1 (R = 4 '-Cl)
(R = 3'-Me) h (R = 21-NO2) m (R = 2'-Br)
(R = 4'-Me) i (R = 3'-N02) n (R = 4'-Br)
(R = 2'-OMe) I (R = 4'-N02) 0 (R = 3',
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2.6-Di(3f-methylphenyl)pyridine, 17a, was supplied 
by Professor G. R. Newkome (LSU): mp 63-64°C (Lit.59 mp
64-65°C); NMR (CDC13, 200 MHz) « 2.46 (s, 3'-ArMe, 6H), 7.20- 
7.28 (m, 4'-ArH, 2H), 7.38 (t, 5'-ArH, J = 7.5 Hz, 2H), 7.65 
(dd, 3,5-PyH, J = 9, 2 Hz, 2H), 7.79 (dd, 4-PyH, J = 9,
9 Hz, 1H), 7.88-7.98 (m, 2',6’-ArH, 4H).
2.6-Di (4,-c'hlorophenyl)pyridine , 17b, was supplied 
by Professor G. R. Newkome (LSU): mp 155-156°C (Lit.59 mp 
155-156°C); NMR (CDCI3, 200 MHz) 6 7.45 (dd, 2',6’-ArH,
J = 9, 2 Hz, 4H), 7.63 (dd, 3,5-PyH, J = 9, 1.5 Hz, 2H),
7.79 (dd, 4-PyH, J = 9, 9 Hz, 1H), 8.06 (dd, 3',5'-ArH, J = 9, 
2 Hz, 4H).
2.6-Di(4'-bromophenyl)pyridine, 17c, was provided 
by Professor G. R. Newkome (LSU): mp 183-184°C (Lit.59 mp 
185-186°C); NMR (CDCI3, 200 MHz) 6 7.61 (dd, 2',6'-ArH,
J = 8.5, 4 Hz, 4H), 7.66 (m, 3,5-PyH, 2H), 7.78 (dd, 4-PyH,
J = 9, 9 Hz, 1H), 7.99 (dd, 3',5'-ArH, J = 8.5, 4 Hz, 4H).
2-Pheny1-6-(4'-methoxyphenyl)pyridine, 17d, was pro­
vided by Professor G. R. Newkome (LSU): mp 122-123°C (Lit.59
mp 125°C); NMR (CDCI3, 200 MHz) 6 3.88 (s, 4'-ArOMe, 3H),
7.02 (dd, 3' ,5'-ArH, J = 9, 2.5 Hz, 2H), 7.40-7.55 (m, 3"- 
5"-ArH, 3H), 7.63 (dd, 3,5-PyH, J = 7.5, 1.5 Hz, 2H), 7.78 
(dd, 4-PyH, J = 7.5, 7.5 Hz, 1H), 8.12 (dd, 2',6'-ArH, J = 9, 
2.5 Hz, 2H), 8.15-8.18 (m, 2",6"-ArH, 2H).
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a R' = R" = 3'-Me c R' = R" = 4'-Br
b R' = R" = 4'-Cl d R' = 4 '-OMe, R" = H
5,6,8,9-tetrahydrodibenz[c,h]acridine, 18, was 
supplied by Professor G. R. Newkome (LSU): mp 161-162°C
(Lit.60 mp 162-163°C); NMR (CDC13, 200 MHz, Figure 2 ) 6 
2.93 (m, -CH2-, 8H), 7.15-7.95 (m, Hb-He, 7H), 8.52 (d, Ha,
J = 7 Hz, 2H).
e
b
18
Dibenz[c,h]acridine was prepared by refluxing a 
mixture of 5 ,6,8,9-tetrahydrodibenz[c,h]acridine and an equal 
weight of palladium on carbon (10%) in ja-cymene: mp 188-189°C
(Lit.60 mp 188°C); NMR (CDC13, 200 MHz) 6 7.61-7.88 (m, H-2- 
6,8-12, 10H), 8.50 (s, H-7, 1H), 9.66 (dd, H-1,13, J = 8 ,
2 Hz, 2H).
R eproduced  with perm ission o f the copyright ow ner. Further reproduction prohibited w ithout perm ission.
C. Reactions and Preparation of Complexes
1. Chloro-bridged Cyclometallated Palladium Complexes
Di-y-chloro-bis[2*-(2-pyridyl)phenyl-jNjdipalladium(II) 
8a, GENERAL PROCEDURE: To a stirred solution of lithium tetra
chloropalladate(II) (1.73 g, 6.60 mmol) in methanol (50 mL),
2-phenylpyridine (1.09 g, 7.00 mmol) was added. The solution 
immediately changed from reddish-brown to light yellow, then 
a yellow precipitate appeared. The mixture was stirred for 
12 hrs, and filtered. The precipitate was washed with 
methanol, then anhydrous ethyl ether, and dried _in vacuo to 
afford 8a: 1.54 (79%); mp 327°C (decomp, DTA); IR (nujol
mull, Csl cells) 750 (sh), 740 (s), 730 (s), 700 (m), 480 (m), 
330 (m, br), 260 (sh), and 250 (m) cm-*. Anal. Calcd. for 
[CnH8NClPd]2 : C, 44.61; H, 2.73; N, 4.73; Pd, 35.96.
Found: C, 44.45; H, 2.75; N, 4.61; Pd, 35.60 (TGA residue).
Di-p-chloro-bis[4' -methyl-2' - (2-pyridyl) phenyl-_N] - 
dipalladium(II), 8c, was prepared from lithium tetrachloro- 
palladate(II) (100. mg, 0.40 mmol) and 2-(3'-methylphenyl)- 
pyridine (68 mg, 0.40 mmol) by the above general procedure:
90 mg (73%); mp 355°C (yellow solid, decomp, DTA); IR (nujol 
mull, Csl cells) 815 (m), 775 (vs, br), 740 (s), 725 (m),
705 (s), and 485 (w) cm-1. Anal. Calcd. for [Ci2HioNClPd]2 :
C, 46.46; H, 3.25; N, 4.52; Pd, 34.33. Found: C, 46.10;
H, 3.21; N, 4.34; Pd, 34.80 (TGA residue).
Di-p-chloro-b is[5'-methyl-21- (2-pyridyl)phenyl-N]- 
dipalladium(II), 8d, was prepared from lithium tetrachloro-
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palladate(II) (1.41 g, 5.4 mmol) and 2-(4'-methylphenyl)- 
pyridine (940 mg, 5.6 mmol) by the above general procedure:
1.31 g (79%); mp 324°C (light yellow powder, decomp, DTA);
IR (nujol mull, Csl cells) 815 (m), 765 (s, br), 735 (m),
705 (m), 455 (w), and 310 (m, br). Anal. Calcd. for 
[Ci2H i0NClPd]2: C, 46.46; H, 3.25; N, 4.52. Found: C,
47.27; H, 3.54; N, 4.50.
Di-y-chloro-bis[5'-methoxy-2'-(2-pyridyl)phenyl-N]- 
dipalladium(II), 8g, was prepared from lithium tetrachloro- 
palladate(II) (46 mg, 0.18 mmol) and 2-(4f-methoxyphenyl)- 
pyridine (36 mg, 0.18 mmol) by the above general procedure:
37 mg (62%); mp 296°C (light yellow solid, decomp, DTA);
IR (nujol mull, Csl cells) 1280 (s), 875 (m), 840 (m), 810 (m), 
and 765 (vs) cm-1. Anal. Calcd. for [Ci2HioNClOPd]2:
C, 44.18; H, 3.01; N, 4.30. Found: C, 44.31; H, 2.99; N, 4.26.
Di-u-chloro-b is[51-nitro-2'-(2-pyridyl)phenyl-N]- 
dipalladium(II), 8j , was prepared from lithium tetrachloro- 
palladate(II) (120 mg, 0.46 mmol) and 2-(4'-nitrophenyl)pyridine 
(110 mg, 0.53 mmol) by the above general procedure: 150 mg
(94%); mp 405°C (yellow solid, decomp, DTA); IR (KBr) 1515 
(vs), 1340 (vs), 875 (s), 860 (m), 835 (m), 785 (s), 775 (s),
735 (s), and 705 (m) cm- -1. Anal. Calcd. for [C^iH7N2C102Pd]2 :
C, 38.72; H, 2.07; N, 8.22; Pd, 31.21. Found: C, 39.45; H,
1.94; N, 8.31; Pd, 29.76 (TGA residue).
Di-y-chloro-b is[5'-bromo-21- (2-pyridyl)phenyl-Nj- 
dipalladium(II), 8n, was prepared from lithium tetrachloro-
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palladate(II) (120 mg, 0.45 mmol) and 2-(4'-bromophenyl)pyridine 
(105 mg, 0.45 mmol) by the above general procedure: 140 mg
(85%); mp 378°C (tan solid, decomp, DTA); IR (KBr) 770 (s),
760 (s), and 755 (sh) cm-1. Anal. Calcd. for [CnH7NBrClPd]2 :
C, 35.22; H, 1.88; N, 3.74. Found: C, 35.35; H, 1.92; N, 3.61.
Di-y-chloro-bis[benzo[h]quinoline-10-yl-N]dipalladium- 
(II).40,141 A mixture of bis(p-acetato-0:0/ )bis[benzo[h]quinoline- 
10-yl-N]dipalladium(II) (100 mg, 0.15 mmol) and sodium chloride 
(17 mg, 0.30 mmol) in acetone (20 mL) was stirred for 12 hrs, 
then filtered. The light yellow precipitate was washed first 
with ethanol, then anhydrous ethyl ether, and dried in vacuo:
92 mg (96%); mp 405°C (decomp, DTA) (Lit.41 mp 335°C]
(KBr) 1399 (vs), 1322 (vs), 820 (s), 811 (s), 743 (m), and 
702 (m) cm-1. Anal. Calcd. for [Ci3H8NClPd]2 : C, 48.76;
H, 2.52; N, 4.38. Found: C, 48.61; H, 2.46; N, 4.16.
Di-M-chloro-bis[2-(N-phenylimidoyl)-3-methoxyphenyl]- 
dipalladium(II) . 33 A mixture of bis(p-acetato-0;:0/ )-bis- 
[2-(N-phenylimidoyl)-3-methoxyphenyl]dipalladium(II) (2.88 g,
3.04 mmol) and sodium chloride (471 mg, 8.05 mmol) in 
acetone: water (200 mL:20 mL) was stirred for 12 hrs, and 
then filtered. The light yellow precipitate was washed first 
with ethanol, then anhydrous ethyl ether, and dried in vacuo:
I.80 g (84%); mp 245°C (decomp, DTA) [Lit.33 mp 230-235°C 
(decomp)]; IR (KBr) 1580 (vs, br), 1550 (vs), 1460 (vs),
1420 (s), 1345 (m), 1257 (vs), 1027 (vs), 760 (vs), and 693 
(m) cm-1. Anal. Calcd. for [ClltH 12NC10Pd]2: C, 47.73; H,
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3.44; N, 3.98. Found: C, 47.83; H, 3.47; N, 3.75.
2. Acetato-bridged Cyclometallated Palladium Complexes
Bis(y-acetato-0:0/)-bis[2'-(2-pyridyl)phenyl-N]- 
dipalladiumCH)42, 9a. GENERAL PROCEDURE: A stirred mixture
of palladium(II) acetate (120 mg, 0.53 mmol) and 2-phenylpyridine 
(1.09 g, 7.0 mmol) in glacial acetic acid (50 mL) was refluxed 
for 12 hrs under nitrogen. Water (50 mL) was added to the 
yellow solution, which was then extracted with dichloromethane 
(3X, 100 mL). Extracts were combined, dried over anhydrous 
sodium sulfate, filtered, and the filtrate was evaporated 
in vacuo to dryness to give a yellow solid, which was column 
chromatographed on silica gel, and eluted with dichloromethane 
to remove organic impurities. Elution with ethyl acetate 
gave upon concentration 9a, a powdery yellow solid: 90 mg
(52%); mp >220°C; IR (KBr) 1565 (s, br), 1405 (s, br), 735 
(s), and 720 (m) cm-1; NMR (CDC13, 200 MHz) 6 2.24 (s, OAc,
3H), 6.44 (ddd, 5-PyH, J = 6, 1, 1 Hz, 1H), 6.62-6.95 (m,
3'-6 '-ArH, 4H), 7.07 (m, 3-PyH, 1H), 7.36 (ddd, 4-PyH, J = 9.5,
8, 2 Hz, 1H), 7.88 (ddd, 6-PyH, J = 6 , 2, 1 Hz, 1H). Anal.
Calcd. for [Ci3H 1iN02Pd]2 : C, 48.83; H, 3.47; N, 4.39. Found:
C, 48.71; H, 4.03; N, 4.18.
Bis(y-acetato-0:()' )-bis[3'-methyl-2'- (2-pyridyl)phenyl- 
13] dipalladium (II), 9b, was prepared from palladium(II) acetate 
(175 mg, 0.78 mmol) and 2-(2'-methylphenyl)pyridine (153 mg,
0.91 mmol) by the above general procedure: 172 mg (66%);
mp 273°C (yellow solid, decomp, DTA); IR (KBr) 1570 (vs, br),
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1405 (vs, br), 780 (sh), 760 (m), 740 (s), and 705 (m) cm-1;
NMR (CDCI3, 200 MHz) 6 2.24 (s, 3’-ArMe, 3H), 2.28 (s, OAc,
3H), 6.36 (ddd, 5-PyH, J = 7, 6, 2.5 Hz, 1H), 6.60 (m, 4'-
ArH, 1H), 6.72 (dd, 5'-ArH, J = 8, 7 Hz, 1H), 6.87 (dd,
6 '-ArH, J = 8, 1.5 Hz, 1H), 7.25-7.42 (m, 3, 4-PyH, 2H), 7.97 
(ddd, 6-PyH, J = 6 , 1, 1, 1H). Anal. Calcd. for [C14H 13N02Pd]2: 
C, 50.37; H, 3.93; N, 4.20. Found: C, 50.71; H, 4.05; N,
4.09.
Bis (p-acetato-0:0_') -bis [4 * -methyl-2' - (2-pyridyl) pheny 1- 
fJ]dipalladium(II), 9c, was prepared from palladium(II) acetate 
(80 mg, 0.35 mmol) and 2-(3'-methylphenyl)pyridine (60 mg,
0.36 mmol) by the above general procedure: 80 mg (72%); mp
160°C (yellow solid, decomp, DTA); IR (KBr) 1580 (vs, br),
1420 (vs, br), 815 (m), 780 (s), 745 (m), 710 (m), 690 (m), 
and 490 (w) cm"1; NMR (CDC13, 200 MHz) 6 2.19 (s, 4'-ArMe,
3H), 2.28 (s, OAc, 3H), 6.40 (ddd, 5-PyH, J = 8, 6 , 1.5 Hz, 1H),
6.53-6.67 (m, 3',5'-Arh, 2H), 6.77 (m, 6'-ArH, 1H), 7.04
(m, 3-PyH, 1H), 7.33 (ddd, 4-PyH, J = 9.5, 8 , 2 Hz, 1H), 7.82 
(m, 6-PyH, 1H). Anal. Calcd. for [C^Hi3N02Pd]2 : C, 50.37;
H, 3.93; N, 4.20. Found: C, 51.53; H, 4.20; N, 4.11.
Bis(y-acetato-£:0/)-bis[5'-methyl-2’- (2-pyridyl)phenyl- 
Njdipalladium(II), 9d, was prepared from palladium(II) acetate 
(130 mg, 0.58 mmol) and 2-(4'-methylphenyl)pyridine (130 mg,
0.79 mmol) by the above general procedure: 90 mg (48%); mp
244°C (yellow solid, decomp, DTA); IR (KBr) 1570 (vs, br), 1410 
(s, br), 810 (w), 770 (s), and 705 (w) cm-1; NMR (CDC13, 200 MHz)
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6 2.20 (s, 5'-ArMe, 3H), 2.28 (s, OAc, 3H), 6.51 (ddd, 5-PyH,
J = 7.5, 6 , 1.5 Hz, 1H), 6.55-6.68 (m, 3',4'-ArH, 2H), 6.75 
(m, 6'-ArH, 1H), 7.02 (m, 3-PyH, 1H), 7.35 (ddd, 4-PyH, J = 9,
7.5, 1.5 Hz, 1H), 7.89 (ddd, 6-PyH, J = 6, 1.5, 1Hz, 1H).
Anal. Calcd. for [C^Hi3N02Pd]2: C, 50.37; H, 3.93; N, 4.20.
Found: C, 50.94; H, 3.99; N, 3.84.
Bis (p-acetato-O.MD’ )-bis[3'-methoxy-2'-(2-pyridyl)phenyl- 
N]dipalladium(II), 9e, was prepared from palladium(II)acetate 
(108 mg, 0.48 mmol) and 2-(2'-methoxyphenyl)pyridine (138 mg, 
0.75 mmol) by the above general procedure: 104 mg (62%);
mp 251°C (yellow solid, decomp, DTA); IR (KBr) 1560 (vs, br), 
1410 (vs, br), 1260 (s), 1035 (s), 837 (m), 790 (s), 750 (s), 
and 715 (m) cm-2; NMR (CDC13, 200 MHz, Figure 3) 6 2.25 (s,
OAc, 3H), 3.77 (s, 3'-ArOMe, 3H), 6.31 (ddd, 5-PyH, J = 8, 6 ,
1.5 Hz, 1H), 6.41 (d, 4'-ArH, J = 8 Hz, 1H), 6.60 (dd, 6'-ArH,
J = 8, 1 Hz, 1H), 6.81 (t, 5'-ArH, J = 8 Hz, 1H), 7.29 (ddd, 
4-PyH, J = 8, 6, 2 Hz, 1H), 7.82 (d, 3-PyH, J = 6 Hz, 1H),
7.86 (d, 6-PyH, J = 6 Hz, 1H). Anal. Calcd. for [C^Hi 3N03Pd]2 : 
C, 48.07; H, 3.75; N, 4.01. Found: C, 46.67; H, 3.67; N, 3.78.
Bis (jj-acetato-C): C)' )-bis [4 ' -methoxy-2 ' - (2-pyridyl) phenyl- 
N]dipalladium(II), 9f, was prepared from palladium(II) acetate 
(150 mg, 0.67 mmol) and 2-(3'-methoxyphenyl)pyridine (130 mg, 
0.70 mmol) by the above general procedure: 96 mg (41%); mp
249°C (yellow solid, decomp, DTA); IR (KBr) 1567 (vs, br),
1423 (vs, br), 1217 (s), and 773 (m) cm-1; NMR (CDC13, 200 MHz, 
Figure 4 ) 6  2.34 (s, OAc, 3H), 3.78 (s, 4'-ArOMe, 3H), 6.38-
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6.52 (m, 3’ ,5’-ArH, 5-PyH, 3H), 6.76 (d, 6 '-ArH, J = 9 Hz,
1H), 7.03 (d, 3-PyH, J = 8 Hz, 1H), 7.37 (ddd, 4-PyH, J = 8.5,
8, 2 Hz, 1H), 7.82 (dd, 6-PyH, J = 6 , 2 Hz, 1H). Anal. Calcd. 
for [Cii*Hi3N0 3Pd]2 : C, 48.07; H, 3.75; N, 4.01; Pd, 30.44.
Found: C, 48.46; H, 3.75; N, 3.87; Pd, 30.07 (TGA residue).
Bis(y-acetato^O:O')-bis[51-methoxy~2'-(2-pyridyl)phenyl- 
l!l] dipalladium (II) , 9 g, was prepared from palladium(ll) acetate 
(130 mg, 0.60 mmol) and 2-(4'-methoxyphenyl)pyridine (130 mg, 
0.69 mmol): 130 mg (60%); mp 230°C (yellow solid, decomp, DTA);
IR (KBr) 1575 (vs, br), 1415 (vs, br), 1285 (s), 845 (m), 810 
(m), 775 (s), and 710 (m) cm-1; NMR (CDC13, 200 MHz) 6 2.28 
(s, OAc, 3H), 3.78 (s, 5’-ArOMe, 3H), 6.34 (dd, 4'-ArH, J = 8,
2.5 Hz, 1H), 6.42 (d, 6'-ArH, J = 2.5 Hz, 1H), 6.48 (ddd, 5-PyH, 
J = 8, 6, 1.5 Hz, 1H), 6.80 (d, 3'-ArH, J = 8 Hz, 1H), 6.95 
(d, 3-PyH, J = 8 Hz, 1H), 7.34 (ddd, 4-PyH, J = 8, 8, 2 Hz,
1H), 7.85 (ddd, 6-PyH, J = 6 , 2, 1 Hz, 1H). Anal. Calcd. 
for [CinHi3N03Pd]2: C, 48.07; H, 3.75; N, 4.01. Found: C,
48.05; H, 3.89; N, 3.87.
Bis(p-acetato-0:0')-bis[3'-nitro-2'-(2-pyridyl)phenyl- 
_N]dipalladium(II), 9h, was prepared from palladium(II) acetate 
(156 mg, 0.69 mmol) and 2-(2'-nitrophenyl)pyridine (176 mg, 0.88 
mmol) by the above general procedure: 106 mg (42%); mp 278°C
(orange solid, decomp, DTA); IR (KBr) 1560 (vs, br), 1515 (s), 
1410 (s, br), 1360 (m), 875 (w), 795 (m), 770 (w), 740 (m), 
and 710 (m) cm-1; NMR (CDCI3, 200 MHz, Figure 5) 6 2.24 (s,
OAc, 3H), 6.58 (t, 5-PyH, J = 6 Hz, 1H), 6.90-7.03 (m, 4', 6 ’-
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ArH, 3-PyH, 3H), 7.15 (dd, 5*-ArH, J = 9, 8 Hz, 1H), 7.53 
(t, 4-PyH, J = 8 Hz, 1H), 7.96 (d, 6-PyH, J = 6 Hz, 1H).
Anal. Calcd. for [CisHjo^O^Pd^: C, 42.80; H, 2.77; N, 7.69;
Pd, 29.19. Found: C, 43.89; H, 2.79; N, 7.40; Pd, 28.70
(TGA residue).
Bis (p-acetato-j) :_0 ' )-bis[4'-nitro-2' -- (2-pyridyl) phenyl- 
N_]dipalladium(II), 9i, was prepared from palladium(II) acetate 
(119 mg, 0.53 mmol) and 2-(3'-nitrophenyl)pyridine (112 mg,
0.56 mmol) by the above general procedure: 68 mg (35%);
mp 325°C (orange solid, decomp, DTA); IR (KBr) 1560 (s, br), 
1510 (s), 1415 (s, br), 1345 (vs), 885 (m), 780 (m), 745
(m), and 735 (m) cm-1; NMR (CDCI3, 200 MHz, Figure 6 ) 6
2.32 (s, OAc, 3H), 6.74 (t, 5-PyH, J = 6 Hz, 1H), 7.11 (d,
6'-ArH, J = 8.5 Hz, 1H), 7.32 (d, 3-PyH, J = 8 Hz, 1H), 7.57 
(t, 4-PyH, J = 8 Hz, 1H), 7.69 (dd, 5'-ArH, J = 8.5, 2 Hz,
1H), 7.76 (d, 3'-ArH, J = 2 Hz, 1H), 7.69 (d, 6-PyH, J = 6 Hz, 
1H). Anal. Calcd. for [C], 3H 10N2O4Pd]2 : C, 42.80; H, 2.77;
N, 7.69. Found: C, 42.39; H, 2.68; N, 7.37.
Bis(p-acetato-£:0/)-bis[5'-nitro-2'-(2-pyridyl)phenyl- 
t£] dipalladium (I I), 9j, was prepared from palladium(II) acetate 
(100 mg, 0.44 mmol) and 2-(4'-nitrophenyl)pyridine (100 mg,
0.50 mmol) by the above general procedure: 60 mg (37%);
mp 360°C (red solid, decomp, DTA)’ IR (KBr) 1575 (vs, br),
1520 (s), 1425 (s, br), 1345 (vs), 785 (m), 771 (m), 750 (m),
and 735 (m) cm-1. Anal. Calcd. for [Ci3H 10N2Ol4Pd]2 : C, 42.80; 
H, 2.77; N, 7.69. Found: C, 42.10; H, 3.07; N, 7.19.
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Bis (JJ-acetato-£: 0/ )-bis [ 3 ’ -chloro-2 * - (2-pyridyl)- 
phenyl-N]dipalladium(II), 9k, was prepared from palladium(II)- 
acetate (166 mg, 0 .73 mmol) and the mixture obtained from the 
reaction of diazotized oychloroaniline and pyridine (1.00 g) 
by the above general procedure: 50 mg (19%); mp 258°C
(yellow solid, decomp, DTA); IR (KBr) 1575 (vs, br), 1415 
(s), 780 (m), 750 (m), 710 (m), and 685 (m) cm-1; NMR (CDCI3,
200 MHz, Figure 7) 6 2.26 (s, OAc, 3H), 6.49 (t, 5-PyH,
J = 7 Hz, 1H), 6.63-6.98 (m, 4'-6'-ArH, 3H), 7.51 (t, 4-PyH,
J = 8 Hz, 1H), 7.95 (d, 6-PyH, J = 5 Hz, 1H), 8.30 (d, 3-PyH,
J = 8 Hz, 1H). Anal. Calcd. for [Ci3H 10NClO2Pd]2 : C, 44.08;
H, 2.85; N, 3.96. Found: C, 44.06; H, 2.86; N, 3.83.
Bis(p-acetat0-^:0/ )-bis[5 '-chloro-2'-(2-pyridyl)phenyl- 
^]dipalladium(II), 91, was prepared from palladium(II) acetate 
(111 mg, 0.50 mmol) and 2-(4'-chlorophenyl)pyridine (303 mg,
I.60 mmol) by the above general procedure: 55 mg (31%);
mp 275°C (bright orange solid, decomp, DTA); IR (KBr) 1560 
(s, br), 1420 (m, br) , 785 (m), and 760 (m) cm-1; NMR (CDCI3,
200 MHz, Figure 8 ) 6 2.28 (s, OAc, 3H), 6.70-6.79 (m, 3',
4',6 1-ArH, 3H), 6.82 (m, 5-PyH, 1H), 7.05 (d, 3-PyH, J = 8 Hz, 
1H), 7.47 (ddd, 4-PyH, J = 10, 8, 2 Hz, 1H), 7.97 (d, 6-PyH,
J = 6 Hz, 1H). Anal. Calcd. for [Ci3H 10NClO2Pd]2 : C, 44.08;
H, 2.85; N, 3.96. Found: C, 44.30; H, 2.79; N, 3.79.
Bis(u-acetato-£ )-bis[5'-bromo-2'-(2-pyridyl)phenyl-
N]dipalladium(II), 9m, was prepared from palladium(II) acetate 
(120 mg, 0.52 mmol) and 2-(4'-bromophenyl)pyridine (128 mg,
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0.55 mmol) by the above general procedure: 140 mg (67%);
mp 273°C (orange solid, decomp, DTA); IR (KBr) 1570 (vs, br),
1420 (s, br), 810 (m, br), 775 (s), and 765 (s) cm-1; NMR 
(CDC13, 200 MHz) 6 2.30 (s, OAc, 3H), 6.73 (dd, 4'-ArH, J = 9,
2 Hz, 1H), 6.82-6.95 (m, 3',6'-ArH, 5-PyH, 3H), 7.06 (d,
3-PyH, J = 8 Hz, 1H), 7.50 (ddd, 4-PyH, J = 8, 7, 1.5 Hz, 1H),
7.98 (ddd, 6-PyH, J = 6 , 1.5, 1 Hz, 1H). Anal. Calcd. for
[C13H10NBrO2Pd]2 : C, 39.16; H, 2.53; N, 3.52. Found: C, 39.59;
H, 2.61; N, 3.44.
Bis(y-acetato-0 )-bis[4’-methyl-21-[6- (3"-methylphenyl)-
2-pyridyl]-phenyl-Njdipalladium(II), 14a, was prepared from 
palladium(II) acetate (52 mg, 0.23 mmol) and 2,6-di(3'-methyl- 
phenyl)pyridine (64 mg, 0.25 mmol) by the above general pro­
cedure: 56 mg (57%); mp 217°C (yellow solid, decomp, DTA);
IR (KBr) 1580 (vs, br), 1560 (vs, br), 1407 (s, br), 810 (m), 
and 783 (m) cm"1; NMR (CDC13, 200 MHz, Figure 9) 6 1.33 
(s, OAc, 3H), 2.31 (s, 4'-ArMe, 3H), 2.42 (s, 3"-Artfe, 3H),
6.54 (d, 3-PyH, J = 7 Hz, 1H), 6.74-6.87 (m, 3’,5’,6 1-ArH,
3H), 7.14 (d, 5-PyH, J = 7 Hz, 1H), 7.18-7.34 (m, 2",4"-6"- 
ArH, 4H), 7.42 (t, 4-PyH, J = 7 Hz, 1H); MS (70 eV) m/e 423 
(19, C2iH19N02Pd+), 363 (71, Ci9Hi5NPd+), 259 (100, C19H 17N+),
257 (28, C 19H 15N+), 256 (50, C19H lltN+), and 242 (28, C18H 12N+). 
Anal. Calcd. for [Cj2Hi9N02Pd]2 : C, 59.50; H, 4.52; N, 3.31.
Found: C, 59.30; H, 4.71; N, 3.13.
Bis(y-acetato-C) :0/ )-bis[51 -chloro-21 -{6- (4"-chloro- 
phenyl)-2-pyridyl]-phenyl-N]dipalladium(II), 14b, was prepared
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from palladium(II) acetate (185 mg, 0.82 mmol) and 2,6-di 
(4’-chlorophenyl)pyridine (308 mg, 1.03 mmol) by the above 
general procedure: 337 mg (88%); mp 253°C (yellow solid,
decomp, DTA); IR (KBr) 1581 (vs, br), 1560 (vs, br), 1543 (s) , 
1467 (m), 1430 (s), 1405 (s, br), 1085 (s), and 790 (s) cm-1; 
NMR (CDC13, 200 MHz, Figure 10) 6 1.43 (s, OAc, 3H), 6.75 
(dd, H-d, J = 8 , J = 1 Hz, 1H), 6.80 (t, H-b, J = 1 Hz, 1H), 
6.89-6.95 (m, H-a , H-c, 2H), 7.21 (dd, H-f, J = 8, 1 Hz, 1H), 
7.35-7.45 (m, H-g, H-h , 4H), 7.51 (t, H-e, J = 8 Hz, 1H).
Anal. Calcd. for [C19H13NCl202Pd]2 : C, 49.09; H, 2.82; N, 3.02
Found: C, 49.56; H, 3.21; N, 2.82.
Bis (p-acetatc-^:^' )-bis[5 '-bromo-2 '-[6- (4"-bromophenyl)
2-pyridyl]-phenyl-N]dipalladium(II), 14 c, was prepared from 
palladium(II) acetate (120 mg, 0.53 mmol) and 2,6-di-(4'- 
bromophenyl)pyridine (234 mg, 0.60 mmol) by the above general 
procedure: 175 mg (59%); mp 190°C (yellow solid, decomp,
DTA); IR (KBr) 1580 (vs, br), 1560 (vs), 1431 (s), 1410 (s, 
br), 790 (m), and 745 (m) cm-1; NMR (CDCI3, 200 MHz, Figure 11) 
6 1.45 (s, OAc, 3H), 6.77 (d, H-d, J = 7 Hz, 1H), 6.85 (d, H-c, 
J = 8 Hz, 1H), 6.94 (d, H-a J = 2 Hz, 1H), 7.08 (dd, H-b ,
J = 8 , 2 Hz, 1H), 7.22 (d, H-f, J = 8 Hz, 1H), 7.51 (t, H-e ,
J = 8 Hz, 1H), 7.53-7.62 (m, H-g, H-h , 411). Anal. Calcd. for 
[C19H 13NBr202Pd]2 : C, 41.20; H, 2.37; N, 2.53. Found: C,
41.47; H, 2.53; N, 2.34.
Reaction of Palladium(II) acetate with 2-Phenyl-6- 
(4’-methoxyphenyl)pyridine. Palladium(II) acetate (35 mg,
R eproduced  with perm ission o f the copyright ow ner. Further reproduction prohibited w ithout perm ission.
0.15 mmol) and 2-phenyl-6-(4'-methoxyphenyl)pyridine (45 mg, 
0.17 mmol) were mixed and worked up in a manner similar to 
that of 9a to afford a yellow solid: 48 mg (75%). Anal.
Calcd. for [C20Hi7NO 3Pd]2 : C, 56.40; H, 4.03; N, 3.29.
Found: C, 56.40; H, 3.84; N, 3.27.
Bis (y-ace tato-0:0/) -bis (5,6 ,8,9-tetrahydrodibenz- 
[_c,hJacridin-l-yl-N)dipalladium(II) was prepared from 
palladium(II) acetate (139 mg, 0.62 mmol) and 5,6 ,8,9-tetra- 
hydrodibenz [_c,li]acridine (194 mg, 0.68 mmol) by the above 
general procedure: 184 mg (67%); mp 210°C (yellow solid,
decomp, DTA); IR (KBr) 3060 (m, br), 2930 (m), 2840 (m),
1580 (vs, br), 1555 (m), 1410 (vs, br), 763 (m), and 733 (m) 
cm-1; NMR (CDC13, 200 MHz, Figure 13) 6 1.14 (s, OAc, 3H),
2.70 (m, -CE2-, 8H), 6.55 (m, H-f, 3H), 6.91 (s, H-e , 1H),
7.16 (d, H-d, J = 6 Hz, 1H), 7.26 (t, H-c, J = 6 Hz, 1H),
7.39 (t, H-b , J = 7 Hz, 1H), 8.52 (d, H-a, J = 7 Hz, 1H); MS
(70 eV) m/e 447 (3, C23H 19N02Pd+), 388 (12, C2 iH16NPd+), 283 
(100, C21H 17N+), 282 (46, C21H 16N+), 281 (47, C2iH15N+), 280 
(60, C21Hi1+N+), and 279 (75, C2 iHi3N+). Anal. Calcd. for 
[C23H 19N02Pd]2 : C, 61.67; H, 4.28; N, 3.13. Found: C, 61.22;
H, 4.43; N, 2.92.
Bis(y-acetato-():0/ )-bis (benzo [h]quinolin-10-yl-N)- 
dipalladium(II)142 was prepared from palladium(II) acetate 
(127 mg, 0.57 mmol) and benzo[h]quinoline (117 mg, 0.65 mmol) 
by the above general procedure: 154 mg (75%); mp 276°C
(yellow solid, decomp, DTA); IR (KBr) 1565 (vs, br), 1403
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(vs, br), 1325 (m), 830 (m, br), and 710 (m) cm-1; NMR (CDCI3,
200 MHz, Figure 14) <5 2.38 (s, OAc, 3H), 6.43 (dd, 3-H,
J = 8, 5 Hz, 1H), 6.92 (d, 5-H, J = 8.5 Hz, 1H), 7.06 (dd,
8-H, J = 5.5, 3 Hz, 1H), 7.15-7.25 (m, 6-,7-,9-H, 3H), 7.40 
(dd, 4-H, J = 8 , 1Hz, 1H), 7.78 (dd, 2-H, J = 5, 1 Hz, 1H);
MS (70 eV) m/e 343 (20, Ci5H u N02Pd+), 284 (98, Ci3H eNPd+), 
and 178 (100., C 13H8N+). Anal. Calcd. for [C15H!1N02Pd]2 :
C, 52.40; H, 3.23; N, 4.08. Found: C, 52.63; H, 3.20; N,
3.92.
Bis (y-acetat o-C):0/ )-bis[2-(N-phenylimidoyl)-3-methoxy- 
phenyl]dipalladium(II), 15, was prepared from palladium(II) 
acetate (1.70 g, 7.56 mmol) and N-(2-methoxybenzylidene)aniline 
(1.81 g, 8.53 mmol) by the above general procedure: 2.40 g
(85%); mp 230°C (orange solid, decomp, DTA); IR (KBr) 1560 
(vs, br), 1455 (s), 1410 (vs, br), 1255 (vs), 1025 (m), and 
760 (m) cm-1. NMR (CDC13) 6 1.78 (s, OAc, 3H), 3.80 (s,
3-ArOMe, 3H), 6.23-7.28 (m, aromatic protons, 8H), 8.03 (s,
N=CH, 1H). Anal. Calcd. for [CigHi5N03Pd]2: C, 51.13;
H, 4.03; N, 3.73. Found: C, 51.24; H, 4.25; N, 3.55.
3. Chloro-bridged Cyclometallated Platinum, Rhodium,
and Iridium Complexes
Di-y-chloro-b is [ 3'-methoxy-2'-(2-pyridyl)phenyl-N]- 
diplatinum(II). To a stirred solution of potassium tetra- 
chloroplatinate(II) (536 mg, 1.29 mmol) in water (20 mL), 
an acetone solution (20 mL) of 2-(2'-methoxyphenyl)pyridine 
(323 mg, 1.75 mmol) was added. No immediate change was observed,
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however, stirring was continued for 12 hrs. The yellow 
solid, that precipitated, was filtered, washed with acetone 
and dried _in vacuo: 202 rag (38%); mp 238°C (light yellow
solid, decomp, DTA); IR (KBr) 1260 (s), 850 (m), 790 (m),
755 (s), 745 (sh), and 720 (m). Anal. Calcd. for [Ci2HioNC10Pt]2 
C, 34.74; H, 2.43; N, 3.38. Found: C, 34.51; H, 2,38; N, 3.28.
Di-y-chloro-tetra[3'-methyl-2(2-pyridyl)phenyl-Jtt]- 
dirhodium(III), 10b (M = Rh). A stirred mixture of rhodium 
trichloride hydrate (132 mg, 0.50 mmol) and 2-(2'-methylphenyl)- 
pyridine (309 mg, 1.82 mmol) was refluxed in aqueous methanol 
(50%, 50 mL) for 12 hrs under nitrogen. Water (50 mL) was 
added to the yellow solution which was then extracted with 
dichloromethane (3X, 100 mL). Extracts were combined and 
dried over magnesium sulfate. The yellow suspension was 
filtered and evaporated _in vacuo to give a yellow solid, 
which was column chromatographed on silica gel and eluted 
with dichloromethane to give 10b, M = Rh, as a powdery yellow 
solid: 85 mg (30%); mp 362°C (decomp, DTA); IR (KBr) 1597
(s), 1557 (s), 1475 (vs), 1455 (s), 1447 (s), 843 (m), 790 
(m), 755 (m, br), and 720 (m) cm-1; NMR (CDCI3, 200 MHz,
Figure 15) 6 2.66 (s, 3'-ArMe, 3H), 5.68 (d, 6 '-ArH, J =
8 Hz, 1H), 6.48 (t, 5 '-ArH, J = 8 Hz, 1H), 6.60 (d, 4 '-ArH,
J = 8 Hz, 1H), 6.76 (t, 5-PyH, J = 6 Hz, 1H), 7.79 (t, 4-PyH,
J = 6 Hz, 1H), 8.09 (d, 3-PyH, J = 6 Hz, 1H), 9.37 (d, 6-PyH,
J = 6 Hz, 1H); MS (70 eV) m/e 476 (2 ,  C2itH2oN2 37ClRh+), 474
(6, C2l*H2oN2 35ClRh+), and 168 (100. C12H 10N+). Anal. Calcd.
R eproduced  with perm ission o f the copyright ow ner. Further reproduction prohibited w ithout perm ission.
36
for [C2itH2oN2ClRh*CH2Cl2 ]2 : C, 53.64; H, 3.94; N, 5.01.
Found: C, 54.18; H, 3.86; N, 5.01.
Di-y-chloro-tetra[4'-nitro-2'-(2-pyridyl)phenyl-N]- 
dirhodium(III), lOi (M = Rh). A stirred mixture of rhodium 
trichloride hydrate (145 mg, 0.55 mmol) and 2-(3'-nitrophenyl)- 
pyridine (366 mg, 1.83 mmol) was refluxed in aqueous methanol 
(50%, 50 mL) for 12 hrs under nitrogen. Water (50 mL) was 
added to the orange solution which was then extracted with 
dichloromethane (3X, 100 mL). Extracts were combined and dried 
over anhydrous magnesium sulfate. The orange suspension 
was filtered and evaporated in vacuo to give a yellow solid, 
which was column chromatographed on silica gel, and eluted 
with dichloromethane to give lOi, M = Rh, as a powdery yellow 
solid: 176 mg (60%); mp 406°C (decomp, DTA); IR (KBr) 1570
(s), 1500 (s), 1335 (vs, br), 883 (m), 783 (s), 755 (m), and 
740 (m) cm"1; NMR (CDC13, 200 MHz, Figure 16) 6 6.04 (d,
6 1-ArH, J = 9 Hz, 1H), 7.01 (ddd, 5-PyH, J = 8 , 6 , 2Hz, 1H), 
7.57 (dd, 5*-ArH, J = 9, 3 Hz, 1H), 8.13 (m, 3,4-PyH, 2H),
8.46 (d, 3'-ArH, J = 3 Hz, 1H), 9.18 (d, 6-PyH, J = 6 Hz, 1H). 
Anal. Calcd. for [C22Hii4Nl+0i<ClRh]2 : C, 49.21; H, 2.63; N, 
10.45; Rh, 19.18. Found: C, 47.63; H, 2.61; N, 9.92; Rh,
19.30 (TGA residue).
Di-y-chloro-tetra[5'-bromo-2'-(2-pyridyl)phenyl-N]- 
dirhodium(III), lOn (M = Rh). A stirred mixture of rhodium 
trichloride hydrate (81 mg, 0.31 mmol) and 2-(4'-bromophenyl)- 
pyridine (176 mg, 0.75 mmol) was refluxed in aqueous methanol
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(50%, 50 mL) for 12 hrs under nitrogen. Water (50 mL) was 
added to the yellow solution which was then extracted with 
dichloromethane (3X, 100 mL). Extracts were combined and 
dried over anhydrous magnesium sulfate, filtered, and evaporated 
in vacuo to give a yellow solid. This solid was extracted 
with hot ethyl ether (3X, 25 mL) to remove excess ligand.
The residue was column chromatographed on silica gel and 
eluted with dichloromethane to afford lOn (M = Rh), as a 
powdery yellow solid: 22 mg (12%); mp 473°C (decomp, DTA);
IR (KBr) 1605 (vs), 1565 (vs), 1478 (s), 1420 (m), and 773 
(vs) cm-1; NMR (CDC13, 200 MHz, Figure 17) 6 5.97 (d, 6 '-ArH,
J = 2 Hz, 1H), 6.84 (ddd, 5-PyH, J = 6, 6 , 3 Hz, 1H), 7.04 
(dd, 4'-ArH, J = 9, 2 Hz, 1H), 7.44 (d, 3'-ArH, J = 9 Hz,
1H), 7.87 (m, 3,4-PyH, 2H), 9.10 (d, 6-PyH, J = 6 Hz, 1H).
Anal. Calcd. for [C22Hn*N2Br2ClRh]2 : C, 43.69; H, 2.33; N, 4.64.
Found: C, 43.25; H, 2.27; N, 4.56.
Di-p-chloro-tetra[4'-nitro-2'-(2-pyridyl)phenyl-N]- 
diiridium(III), lOi (M = Ir). A stirred mixture of iridium 
trichloride hydrate (165 mg, 0.47 mmol) and 2-(3'-nitrophenyl)- 
pyridine (296 mg, 1.48 mmol) was refluxed in aqueous methanol 
(50%, 50 mL) for 36 hrs under nitrogen. Water (50 mL) was 
added to the yellow solution which was then extracted with 
dichloromethane (3X, 100 mL). Extracts were combined, dried 
over anhydrous magnesium sulfate, filtered, and the filtrate 
was evaporated in vacuo to give a yellow solid, which was 
column chromatographed on silica gel and eluted with dichloro-
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methane to give lOi, M = Ir, as a yellow solid: 42 mg (14%);
mp 453°C (decomp, DTA); IR (KBr) 1585 (m), 1567 (m), 1556 
(m), 1495 (m), 1480 (m), 1330 (vs, br), 783 (m), and 705 (m)
cm-1; NMR (CDCI3, 200 MHz, Figure 18) 6 6.01 (d, 6 '-ArH, J =
9 Hz, 1H), 7.02 (t, 5-PyH, J = 8 Hz, 1H), 7.47 (dd, 5'-ArH,
J = 9, 2.5 Hz, 1H), 8.01 (t, 4-PyH, J = 9 Hz, 1H), 8.15 (d,
3-PyH, J = 9 Hz, 1H), 8.42 (d, 3'-ArH, J = 2.5 Hz, 1H), 9.19 
(d, 6-PyH, J = 6 Hz, 1H). Anal. Calcd. for [C22HmN^ClOttlr]2 :
C, 42.19; H, 2.26; N, 8.95. Found: C, 40.93; H, 1.99; N, 8.86.
Di-y-chloro-tetra[5’-bromo-2'-(2-pyridyl)phenyl-N]- 
diiridium(III), lOn (M = Ir). A stirred mixture of iridium 
trichloride hydrate (321 mg, 0.91 mmol) and 2-(4’-bromophenyl)- 
pyridine (497 mg, 2.12 mmol) was refluxed in aqueous methanol 
(50%, 50 mL) for 36 hrs under nitrogen. Water (50 mL) was 
added to the yellow solution which was then extracted with 
dichloromethane (3X, 100 mL). Extracts were combined and 
dried over anhydrous magnesium sulfate. The yellow suspension 
was filtered and evaporated _in vacuo to give a yellow solid, 
which was column chromatographed on silica gel and eluted 
with dichloromethane to give lOn (M = Ir), as a yellow 
solid: 36 mg (5%); mp 298°C (decomp, DTA); IR (KBr) 1605
(s), 1565 (s), 1473 (m), 1418 (m), and 770 (s) cm-1; NMR
(CDCI3, 200 MHz, Figure 19) 6 5.95 (d, 6 '-ArH, J = 2 Hz, 1H),
6.84 (ddd, 5-PyH, J = 7, 7, 2Hz, 1H), 6.97 (dd, 4f-ArH, J = 8,
2 Hz, 1H), 7.38 (d, 3f-ArH, J = 8 Hz, 1H), 7.82 (m, 3, 4-PyH,
2H), 9.12 (d, 6-PyH, J = 7 Hz, 1H). Anal. Calcd. for
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[C22Hii4N2Br2ClIr*CH2Cl2]2 : C, 35.45; H, 2.07; N, 3.60.
Found: C, 36.57; H, 2.14; N, 3.54.
4. Dithiocarbamate Cyclometallated Complexes
N,N-diethyldithiocarbamato-[4*-nitro-2'-(2-pyridyl)- 
phenyl-ltf]palladium(II), Hi. Bis(y-acetato-^:0_')-bis[4’-nitro-2' 
(2-pyridyl)phenyl-N]dipalladium(II) (72 mg, 0.10 mmol) and 
sodium N^N-diethyldithiocarbamate trihydrate (45 mg, 0.20 
mmol) were mixed in acetone (20 mL). The yellow solution was 
stirred for 12 hrs and then evaporated _in vacuo to yield a 
dark yellow solid which was column chromatographed on silica 
gel and eluted with dichloromethane to give: 32 mg (36%);
mp 242°C (yellow needles, decomp, CH2C12, DTA); IR (KBr) 1505 
(vs), 1340 (s), 783 (m), and 747 (m) cm-1; NMR (CDCI3, 200 MHz, 
Figure 20) 6 1.34 (t, -CH?CHq> J = 7 Hz, 3H), 1.38 (t,
-CH2CH3, J = 7 Hz, 3H), 3.89 (q, -CH?CH^, J = 7 Hz, 4H), 7.20-
7.30 (m, 5-PyH, 6 '-ArH, 2H), 7.90-8.00 (m, 3, 4-PyH, 5'-ArH,
3H), 8.39 (m, 3'-ArH, 1H), 8.42 (m, 6-PyH, 1H). Anal. Calcd. 
for C16H 17N 302S2Pd-l/2CH2Cl2 : C, 39.91; H, 3.66; N, 8.47.
Found: C, 40.89; H, 3.68; N, 8.91.
N,N-Diethyldithiocarbamato-bis[4'-nitro-2'-(2-pyridyl)- 
phenyl-Njrhodium(III), 12i. A mixture of di-p-chloro-tetra- 
[4'-nitro-2'-(2-pyridyl)phenyl-N]dirhodium(III) (74 mg, 0.07 
mmol) and sodium N,N-diethyldithiocarbamate trihydrate (31 mg, 
0.14 mmol) in acetone (50 mL) was refluxed for 12 hrs under 
nitrogen. The yellow solution was evaporated in vacuo to yield 
a yellow solid, which was column chromatographed on silica
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gel and eluted with dichloromethane to give 12i, as a yellow 
solid: 48 mg (50%); mp 328°C (decomp, DTA); IR (KBr) 1605
(m), 1585 (s), 1565 (s), 1497 (vs, br), 1355 (vs, br), 781 
(m), 753 (m), and 739 (m) cm-1; NMR (CDCI3, 200 MHz, Figure 21) 
6 1.24 (t, -CH2CH3, J = 7 Hz, 6H), 3.79 (q, -CH9CH3, J = 7 Hz, 
4H), 6.47 (d, 6'-ArH, J = 8 Hz, 2H), 7.43 (ddd, 5-PyH, J = 8 ,
6 , 2Hz, 2H), 7.60 (dd, 5'-ArH, J = 8, 2 Hz, 2H), 7.96 (dd,
3-PyH, J = 6, 2 Hz, 2H), 8.06 (t, 4-PyH, J = 6 Hz, 2H), 8.45 
(d, 3'-ArH, J = 2 Hz, 2H), 9.60 (d, 6-PyH, J = 6 Hz, 2H).
Anal. Calcd. for C2 yH^NsOi^Rh* 1/2CH2C12 : C, 47.71; H, 3.64;
N, 10.13. Found: C, 47.87; H, 3.47; N, 10.03.
N,N-Diethydithiocarbamato-[benzo[h]quinolin-10-yl-Nj- 
palladium(II). A mixture of di-y-chloro-bis[benzo[h]quinolin- 
10-yl-N]dipalladium(II) (59 mg, 0.09 mmol) and sodium N..N,- 
diethyldithiocarbamate trihydrate (42 mg, 0.19 mmol) in acetone 
(20 mL) was stirred for 36 hrs. The yellow suspension was 
evaporated jin vacuo to give a yellow solid which was column 
chromatographed on silica gel and eluted with dichloromethane 
to give: 46 mg (57%); mp 208°C (yellow solid, decomp, DTA);
IR (KBr) 1495 (vs, br), 1399 (vs), 1322 (s), 980 (m), 845 (m), 
825 (vs), 815 (vs), 780 (m), 750 (m), and 712 (s) cm-1; NMR 
(CDCI3, 200 MHz, Figure 22) 6 1.33 (t, -CH7CHg, J = 7 Hz, 3H), 
1.38 (t, -CH?CHg, J = 7 Hz, 3H), 3.89 (q, -CH?CHg, J = 7 Hz, 
4H), 7.39 (dd, 9-H, J = 8, 1.5 Hz, 1H), 7.43 (dd, 3-H, J = 8.5, 
5 Hz, 1H), 7.48 (t, 8-H, J = 8 Hz, 1H), 7.55 (d, 5-H, J = 9 Hz, 
1H), 7.61 (dd, 7-H, J = 8 , 1.5 Hz, 1H), 7.76 (d, 6-H, J = 9 Hz,
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1H), 8.26 (dd, 4-H, J = 8.5, 1.5 Hz, 1H), 8.64 (dd, 2-H,
J = 5, 1.5 Hz, 1H). Anal. Calcd. for Ci6Hi8N2S2Pd: C, 49.01;
H, 4.12; N, 6.36. Found: C, 49.30; H, 4.21; N, 6.26.
5. Reactions of Cyclometallated Complexes
Bis (y-thiocyanato-N :_S)-bis [4 * -methoxy-2' - (2-pyridyl) - 
phenyl-N]dipalladium(II). A mixture of bis(p-acetato-^):0/)- 
bis[4 ,-methoxy-2l-(2-pyridyl)phenyl-N_]dipalladium(H) (53 mg,
0.08 mmol) and sodium thiocyanate (28 mg, 0.35 mmol) in acetone: 
water (40 mL:20mL) was stirred for 12 hrs, and then filtered.
The yellow precipitate was washed first with water, then 
acetone, and dried in vacuo: 43 mg (81%); mp 300°C (decomp,
DTA); IR (KBr) 2147 (vs), 1217 (vs), 851 (m), 807 (m), 773 (s),
and 737 (m) cm-1. Anal. Calcd. for [Cj3HioN20SPd]2: C, 44.76;
H, 2.89; N, 8.04. Found: C, 43.91; H, 2.81; N, 7.69.
Amminochloro [2 '-(2-pyridyl)phenyl-N_]palladium(II) .
Anhydrous ammonia was bubbled for 6 hrs through a stirred 
suspension of di-p-chloro-bis[2'-(2-pyridyl)phenyl-N]~ 
dipalladium(II) (60 mg, 0.09 mmol) in benzene (100 mL), then 
stirred for a further 12 hrs. The canary yellow solid was 
filtered, washed with anhydrous ethyl ether, and dried in vacuo:
47 mg (73%); mp 378°C (decomp, DTA); IR (nujol mull, Csl)
3300 (m, br), 3180 (m, br), 740 (sh), and 727 (m) cm-1. Anal.
Calcd. for CnHi iN2ClPd-l/2HCl: C, 39.86; H, 3.50; N, 8.46.
Found: C, 39.33; H, 3.24; N, 8.48.
Chlorotriphenylphosphine{2^-(2-pyridyl)phenyl-N]palladium(II).
A stirred mixture of di-p-chloro-bis[2'-(2-pyridyl)phenyl-N]-
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dipalladium(II) (304 mg, 0.51 mmol) and triphenylphosphine 
(300 mg, 1.14 mmol) in acetone (80 mL) was refluxed for 
12 hrs. A yellow solid was removed by filtration and found 
to be bis(triphenylphosphine)dichloropalladium(II): 156 mg
(22%); mp 265°C (decomp, DTA) [Lit.61 mp 270°C (decomp)].
The yellow filtrate was evaporated vacuo, then column
chromatographed on silica gel and eluted with chloroform:
118 mg (21%); mp 268°C (decomp, DTA); IR (KBr) 755 (sh),
750 (vs), 735 (m), 705 (m), and 695 (s) cm-1. Anal. Calcd. 
for C29H2 3NClPPd-HCl: C, 58.54; H, 4.07; N, 2.36. Found:
C, 59.36; H, 3.85; N, 2.41.
Chlorotriphenylphosphine[5'-nitro-2'-(2-pyridyl)- 
phenyl-N]palladium(II). To a stirred suspension of di-p- 
chloro-bis [5 '-nitro-2 '- (2-pyridyl)phenyl-N]dipalladium(II)
(58 mg, 0.08 mmol) in acetone (75 mL), triphenylphosphine
(67 mg, 0.26 mmol) was added. A clear yellow solution was
observed after several minutes. The solution was stirred 
for an additional 12 hrs. The pale yellow-green solid which 
had precipitated was filtered, washed with anhydrous ethyl 
ether, and dried in vacuo: 65 mg (64%) mp 304°C (decomp,
DTA); IR (KBr) 1515 (s), 1337 (vs), 790 (m), 770 (m), 755 (m), 
747 (m), 737 (m), 708 (m), and 695 (m) cm-1. Anal. Calcd.
for C29H22N2ClP02Pd: C, 57.71; H, 3.68; N, 4.65. Found:
C, 56.94; H, 3.48; N, 4.58.
Chlorotriphenylphosphine[5'-methyl-2'-(2-pyridyl)- 
phenyl-N]palladium(II) was prepared from di-p-chloro-bis-
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[5'-methyl-2'- (2-pyridyl)phenyl-N]dipalladium(II) (60 mg,
0.01 mmol) and triphenylphosphine (70 mg, 0.27 mmol) by the 
previous procedure: 71 mg (64%); mp 306°C (decomp, DTA);
IR (KBr) 1606 (vs), 1592 (s), 821 (m), 775 (s), 751 (s),
705 (vs), and 695 (sh) cm-1. Anal. Calcd. for C3oH2sNClPPd:
C, 62.93; H, 4.41; N, 2.45. Found: C, 61.67; H, 4.28; N, 2.25.
Di-y-bromo-bis[5'-bromo-2[6- (4"-bromophenyl)-2- 
pyridyl]-phenyl-N]dipalladium(II). A mixture of bis(y-acetato- 
.0:0/ )-bis [5 ’-bromo-2 '-[6- (4"-bromophenyl)-2-pyridyl]-phenyl-N]- 
dipalladium(II) (120 mg, 0.11 mmol) and sodium bromide (24 mg, 
0.23 mmol) in acetone:water (40 mL:20 mL) was stirred for 
12 hrs, and then filtered. The light yellow precipitate was 
washed with water, ethanol, then anhydrous ethyl ether, and 
dried in vacuo: 50 mg (79%); mp > 250°C; IR (KBr) 1605 (s),
1570 (s), 1440 (s), 835 (w), 820 (m), 792 (s), and 745 (m) 
cm-1. Anal. Calcd. for [C^yHjoNBr3Pd]2 : C, 35.52; H, 1.75;
N, 2.44. Found: C, 35.22; H, 1.73; N, 2.33.
Bis(y-acetato-C> ' )-bis [5' -methyl-2' - (2-pyridyl)phenyl- 
N.]dipalladium(II) , 9d. To a stirred suspension of di-y-chloro- 
bis(5’-methyl-2'-(2-pyridyl)phenyl-Njdipalladium(II) (130 mg, 
0.21 mmol) in acetone (50 mL), silver(I) acetate (430 mg, 2.57 
mmol) was added and refluxed for 12 hrs under nitrogen. The 
greenish-yellow suspension was filtered, evaporated _in vacuo 
to give a yellow solid, which was column chromatographed on 
silica gel and eluted with dichloromethane. Elution next 
with ethyl acetate gave upon concentration the desired 9d, as
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a powdery yellow solid.
Chlorotriphenylphosphine[2-(N-phenylimidoyl-3-methoxy- 
phenyl]palladium(II). To a stirred suspension of di-y-chloro- 
bis [2-(|J-phenylimidoyl)-3-methoxyphenyl]dipalladium(II) (1.75 g,
2.48 mmol) in acetone (100 mL), triphenylphosphine (1.33 g,
5.08 mmol) was added. A dark yellow solution was obtained 
within 30 mins; however, the solution was stirred for a further 
12 hrs and then evaporated jin vacuo to give a yellow solid, 
which was column chromatographed on silica gel and eluted 
with chloroform to give: 2.99 g (98%); mp 214°C (yellow
solid, decomp, DTA); IR (KBr) 1570 (vs, br), 1550 (s), 1455 (s), 
1430 (vs), 1250 (vs), 1176 (m), 1090 (m), 1020 (s), 745 (s, br), 
690 (s), and 515 (m, br) cm-1. Anal. Calcd. for C 32H2 7NC10PPd: 
C, 62.54; H, 4.43; N, 2.28. Found: C, 61.73; H, 4.62; N, 2.01.
6 . Non-cyclometallated Palladium Complexes
Dichlorobis-(2-phenylpyridine)palladium(II). A mixture 
of bisbenzonitriledichloropalladium(ll) (108 mg, 0.28 mmol) 
and 2-phenylpyridine (820 mg, 5.28 mmol) in acetonitrile (20 mL) 
was stirred for 36 hrs, concentrated in vacuo, and column 
chromatographed on silica gel eluting with chloroform to 
give: 21 mg (15%); mp 197°C (yellow solid, decomp, DTA); IR
(KBr) 1605 (m), 1475 (vs), 1455 (m), 790 (m), 762 (vs), 743 
(s), and 702 (s) cm-1. Anal. Calcd. for C22Hi8N2Cl2Pd: C,
54.16; K, 3.72; N, 5.75. Found: C, 54.59; H, 3.81; N, 5.70.
Dichlorobis-[2-(3',5'-dimethoxyphenyl)pyridine]- 
palladium(II). GENERAL PROCEDURE: A mixture of lithium
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tetrachloropalladate(II) (60 mg, 0.24 mmol) and 2-(3',5'- 
dimethoxyphenyl)pyridine (50 mg, 0.24 mmol) in absolute 
ethanol (15 mL) was stirred for 12 hrs. The orange-yellow 
precipitate was filtered, washed with absolute ethanol, then 
anhydrous ethyl ether, and dried _in vacuo: 110 mg (77%);
mp 275°C (decomp, DTA); IR (KBr) 1165 (s), 850 (m, br), 780 
(m) , 760 (w) , and 705 (m) cm-1. Anal. Calcd. for C26H2o^ClaOitPd 
C, 51.36; H, 4.31; N, 4.61. Found: C, 51.26; H, 4.58; N, 4.34.
Bis-(2-benzylpyridine)dichloropalladium(II) was 
prepared from lithium tetrachloropalladate(II) (145 mg, 0.55 
mmol) and 2-benzylpyridine (1.05 g, 6.20 mmol) by the above 
procedure: 204 mg (72%); mp 247°C (yellow solid, decomp, DTA);
IR (KBr) 1600 (vs), 1565 (s), 1491 (vs), 1481 (vs), 1450 (m),
1437 (m), 757 (vs), 745 (vs), and 695 (vs) cm-1. Anal. Calcd. 
for C2^H22N2Cl2Pd: C, 55.87; H, 4.03; N, 5.44. Found: C,
55.41; H, 4.24; N, 5.30.
Bis-(2-benzylaminopyridine)dichloropalladium(II) was 
prepared from lithium tetrachloropalladate(II) (95 mg, 0.36 
mmol) and 2-benzylaminopyridine (168 mg, 0.91 mmol) by the 
above general procedure: 183 mg (93%); mp 248°C (yellow
solid, decomp, DTA); IR (nujol) 3310 (m), 1620 (m), 1580 (s),
1520 (s), 755 (m, br), and 733 (s, br) cm-1. Anal. Calcd. 
for C2itH24N^Cl2Pd: C, 52.79; H, 4.43; N, 10.27. Found:
C, 52.75; H, 4.44; N, 10.27.
Dichlorobis-(2-vinylpyridine)palladium(II) was 
prepared from lithium tetrachloropalladate(II) (1.64 g, 6.25
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mmol) and 2-vinylpyridine (3.19, 30.4 mmol): 2.13 g (87%)
by the above general procedure: mp 188-189°C (yellow solid,
decomp, DTA); IR (KBr) 1603 (m), 1475 (s), 950 (m, br),
790 (m), and 763 (m) cm-1. Anal. Calcd. for CmHu+^C^Pd:
C, 43.36; H, 3.64; N, 7.23. Found: C, 43.06; H, 3.72;
N, 7.04.
Dichlorobis-(2-styrylpyridine)palladium(II) was 
prepared from lithium tetrachloropalladate(II) (289 mg, 1.10 
mmol) and 2-styrylpyridine (200 mg, 1.10 mmol) by the above 
general procedure: 63 mg (10%); mp 298°C (gray solid, decomp,
DTA); IR (KBr) 1630 (s), 1603 (vs), 1575 (m), 1563 (s), 1495 
(vs), 1475 (vs), 940 (s), 770 (vs), 733 (s), 693 (vs), and 
533 (s) cm-1. Anal. Calcd. for C2s^ 22^ 2^ -^2^ ‘^ CH3OH: C, 56.69;
H, 4.59; N, 4.90. Found: C, 56.42; H, 4.00; N, 4.96.
Dichlorobis-(2-methy1-6-styrylpyridine)palladium(II) 
was prepared from lithium tetrachloropalladate(II) (666 mg,
2.54 mmol) and 2-methyl-6-styrylpyridine (664 mg, 3.41 mmol) 
by the above general procedure: 397 mg (28%); mp 284°C
(yellow solid, decomp, DTA); IR (KBr) 1632 (s), 1605 (m),
1573 (m), 1475 (m) , 795 (m), 760 (w) , 735 (m), and 693 (m) 
cm-1. Anal. Calcd. for C28H26N2Cl2Pd: C, 59.20; H, 4.62;
N, 4.94. Found: C, 58.88; H, 4.71; N, 4.77.
Bis-(2,6-distyrylpyridinium)tetrachloropalladate(II) 
was prepared from lithium tetrachloropalladate(II) (1.06 g,
4.04 mmol) and 2 ,6-distyrylpyridine (1.19 g, 4.20 mmol) by 
the above general procedure: 1.37 g (83%); mp 224°C (yellow
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solid, decomp, DTA); IR (KBr) 1600 (m), 1565 (s), 1468 (s),
965 (m), 800 (m), 760 (m), 737 (s), and 695 (s) cm-1. Anal.
Calcd. for C ^ ^ ^ a ^ P d :  C, 61.73; H, 4.44; N, 3.43.
Found: C, 62.00; H, 4.33; N, 3.20.
Dichloro(di-2-pyridylketone)palladium(II) was prepared 
from lithium tetrachloropalladate(II) (961 mg, 3.67 mmol) 
and di-2-pyridylketone (804 mg, 4.36 mmol) by the above 
general procedure: 1.13 g (78%); mp 385°C (yellow solid,
decomp, DTA); IR (KBr) 1690 (m, br), 1605 (m), 1407 (m), 1448 
(m), 1090 (s), 1076 (m), 1058 (s), 794 (s), 768 (vs), and 683 
(m) cm-1. Anal. Calcd. for Ci2Hi2N202Pd’CH3OH: C, 36.60;
H, 3.07; N, 7.12. Found: C, 36.45; H, 3.10; N, 6.99.
Bis-(phenyl-2-pyridiniumketone)tetrachloropalladate(II) 
was prepared from lithium tetrachloropalladate(II) (1.00 g,
3.83 mmol) and phenyl-2-pyridylketone (0.73 g, 4.00 mmol) by 
the above general procedure: 1.19 g (97%); mp 261°C (yellow
solid, decomp, DTA); IR (KBr) 1670 (vs, br), 1600 (s), 1451 
(m), 1320 (m), 1305 (s), 1287 (s), 777 (m), 760 (m), 732 (m),
701 (s), and 652 (s) cm- *. Anal. Calcd. for C2itH2oN2Cl402Pd:
C, 46.72; H, 3.27; N, 4.55. Found: C, 47.09; H, 2.85; N, 4.42.
Bis-(caffeine)dichloropalladium(II) was prepared from 
lithium tetrachloropalladate(II) (234 mg, 0.89 mmol) and caffeine 
(379 mg, 1.95 mmol) by the above general procedure: 459 mg
(91%); mp 331°C (yellow solid, decomp, DTA); IR (nujol) 1710 
(s), 1660 (vs, br), 1605 (m), 1550 (s), 1510 (s), 845 (m),
760 (m, br), and 745 (s, br) cm- . Anal. Calcd. for Ci6H2oN8cl20uPd:
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C, 33.95; H, 3.56; N, 19.82. Found: C, 33.86; H, 3.66;
N, 19.57.
Dichlorobis-(thioanisole)palladium(II) Was prepared 
from lithium tetrachloropalladate(II) (110 mg, 0.42 mmol) 
and thioanisole (1.06 g, 8.5 mmol) by the above general 
procedure: 105 mg (59%); mp 131°C (orange-red solid, decomp,
DTA); IR (KBr) 1442 (s), 970 (m), 960 (m), 743 (vs), and 
683 (m, br) cm-1. Anal. Calcd. for Cii+Hi6Cl2S2Pd: C, 39.48;
H, 3.79. Found: C, 39.38; H, 3.88.
Bis-(benzylmethylsulfide)dichloropalladium(II) was 
prepared from lithium tetrachloropalladate(II) (155 mg,
0.59 mmol) and benzylmethylsulfide (508 mg, 3.67 mmol) by 
the above general procedure: 204 mg (76%); mp 154°C (yellow
solid, decomp, DTA); IR (KBr) 1492 (m), 1452 (m), 1420 (s),
978 (s), 968 (s), 765 (m), 710 (m), 693 (s), 663 (m), and 
473 (m) cm-1. Anal. Calcd. for C i k ^ o C ^ ^ P d :  C, 42.33;
H, 4.44; Pd, 23.46. Found: C, 42.26; H, 4.57; Pd, 23.50
(TGA residue).
Reaction of Bis-(phenyl-2-pyridinumketone)tetra­
chloropalladate (II) with Triphenylphosphine. A mixture of 
bis(phenyl-2-pyridiniumketone)tetrachloropalladate(II) (328 mg, 
0.53 mmol) and triphenylphosphine (463 mg, 1.76 mmol) in 
CHCI3 (50 mL) was stirred for 12 hrs. The solution was con­
centrated in vacuo to give a yellow residue which was column 
chromatographed on silica gel eluting with chloroform to 
afford bis(triphenylphosphine)dichloropalladium(II): 312 mg
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(84%); mp 266°C (decomp, DTA) {Lit.61 mp 270°C (decomp)].
7. Gold Complexes
2-(3',5’-Dimethoxyphenyl)pyridinetrichlorogold(III).
A mixture of tetrachloroauric(III) acid hydrate (20 mg, 0.04 
mmol) and 2-(3',5'-dimethoxyphenyl)pyridine (10 mg, 0.05 mmol) 
in absolute ethanol (20 mL) was stirred for 12 hrs. The 
orange-brown precipitate was filtered, washed with absolute 
ethanol, then anhydrous ethyl ether, and dried in vacuo:
16 mg (77%); mp 285°C (decomp, DTA); IR (KBr) 1590 (m), 1497 
(s), 1356 (s), 1265 (s), 1217 (s), 1167 (m), 834 (m), and 
780 (s) cm"1. Anal. Calcd. for Ci3H 13NCI3O2AU: C, 30.09;
H, 2.53; N, 2.70. Found: C, 30.66; H, 2.48; N, 2.59.
2-(4'-Methoxyphenyl)pyridinegold(I) chloride. 
mixture of tetrachloroauric(III) acid hydrate (22 mg, 0.06 
mmol) and 2-(4T™methoxyphenyl)pyridine (11 mg, 0.06 mmol) in 
absolute ethanol (30 mL) was stirred for 72 hrs. The suspen­
sion was evaporated _in vacuo to give a yellow residue, which 
was extracted with hot chloroform (3X, 25 mL). The yellow 
solid was filtered, washed with chloroform, and dried in 
vacuo: 16 mg (67%) ; mp 217°C (decomp, DTA); IR (KBr) 1505
(m), 1263 (s), 840 (m), and 772 (m) cm-1. Anal. Calcd. for 
C12H n NC10Au: C, 34.49; H, 2.66; N, 3.36. Found: C, 34.38;
H, 2.73; N, 3.19.
2-(4'-Nitrophenyl)pyridinum tetrachloroaurate(III).
A mixture of tetrachloroauric(III) acid hydrate (50 mg, 0.13 
mmol) and 2-(4'-nitrophenyl)pyridine (31 mg, 0.15 mmol) in
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absolute ethanol (50 mL) was stirred for 72 hrs. The solu­
tion was evaporated in vacuo to yield a yellow residue, 
which was extracted with hot chloroform (3X, 25 mL). The 
canary yellow solid was filtered, washed with chloroform and 
dried in vacuo: 50 mg (73%); mp 267°C (decomp, DTA); IR
(KBr) 3250 (m, br), 3180 (m, br), 1512 (s), 1350 (m), 865 (m), 
777 (m), and 752 (m) cm-1. Anal. Calcd. for CnHigNCli^Au:
C, 24.45; H, 1.68; N, 5.19; Au, 36.49. Found: C, 24.80;
H, 1.61; N, 5.09; Au, 36.08 (TGA residue).
8 . Attempted Reactions.
The summation of all attempted reactions has 
been tabulated (see Tables I-V) listing 'reactants' and 
conditions employed. Tables I-III list attempts where no 
identifiable products, pure or otherwise, were obtained. Tables 
IV and V enumerate undertakings to produce eyelometaliated 
compounds from adducts. These endeavors are described in 
the Results and Discussion section.
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Table 1.
Attempted Reactions with Palladium(II) Compounds
Organic Compound (mmol) Pd(II) fmmol)'
OMe
OMe
0.48 A, 0.45
1.07 A, 0.71
6.20 A, 0.59
o o o
0.06 A, 0.06
1.22 A, 0.55
Me
Me.
Me
0.60 A, 0.52
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Table 1 (continued)
Organic Compound (mmol) Pd(II) (mmol)3
^ - S M «  8.52 A, 0.47
SMe
< o H  14.7 A, 0.51
NO,
OMe
0.42 A, 0.34
2.95 A, 0.57
0.41 B, 0.37
N 0 2 1.13 B, 0.32
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Table 1 (continued)
Organic Compound (mmol) Pd(II) (mmol)'
Cl
1.32 C, 0.48
N 0 ,
0.66 C, 0.61
3 Pd(II) source and conditions Pd(OAc)2 5 (A) Pd(OAc) ; HOAc, 
reflux, 12 hrs, N2 atmosphere; (B) Pd(acac)2 5 CHCI3, reflux 
and (C) Li2PdCl4; MeOH, 48 hrs.
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Table II
Attempted Reactions with Gold(I) and Gold(III) Compounds
Organic Compound (mmol) Au Compound (mmol)
(§pN“e2
NO
NO,
SMt
<2>^
6.20 A, 0.29
1.48 A, 1.24
0.47 A, 0.28
0.32 B, 0.13
(o)— S M « 8.53 B, 0.28
7.38 B, 0.31
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Table II (continued)
Organic Compound (mmol) Au Compound (mmol)
N-
N '
SMe
0.15 C, 0.14
^ S f O )  1.17 C, 0.30
6.20 C, 0.26
<0>-sM. 8'53 C* °*24
7.38 C, 0.27
0.47 D, 0.15
6.20 D, 0.23
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Table II (continued)
3
Organic Compound (mmol) Au Compound (mmol)
< Q > — S Me 8.53 D, 0.19
SMe
7.38 D, 0.26
0.53 E, 0.21
I -23 E > °-2A
6.20 E, 0.22
SMe 8.53 E, 0.21
a Metal source and conditions: (A) HAuCli,, MeOH, 36 hrs;
(B) NaAuCl^, EtOH, reflux, 24 hrs; (C) (Et^N) AuCli*, acetone, 
reflux, 12 hrs; (D) jj-Diphos(AuCl)2 » EtOH, reflux, 120 hrs; 
and (E) [(C0H 5)3P]Au(OAc), C0H 5CH3, reflux, 24 hrs.
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Table III
a
Attempted Reactions with Transition Metal Compounds
Organic Compound (mmol) Metal Compound (mmol)
B
0.69 RhClo 0.33
0.21 RhCl3 0.17
0.37 IrCla 0.33
0.18 IrCl3 0.13
0.48 (n5_Cp)2MoCl2 0.34
1.59 V02 (0Ac)2 0.67
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Organic Compound
Table III (continued)
(mmol) Metal Compound
2.50 Co(0Ac)2
1.23 Co(OAc)2
3.55 (Et£tN)2NiCllt
5.88 Ni(0Ac)2
0.53 CuCl2
0.27 (Etl4N)2CdBr4
(mmol)
0.72
0.48
3.39
0.76
0.41
0.24
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Table III (continued)
Organic Compound (mmol) Metal Compound (mmol)
0.63 K2PtCli4 0.51
^ k ^ ( 0 >  0.53 K2PtCl1+ 0.21
3 Reaction Conditions: (1) for RI1CI3 or IrCl3, aqueous
EtOH(50%), reflux, A hrs; (2) for (jn5-Cp)2MoCl2, MeOH,
A8 hrs, Et3N (3.59 mmol), 12 hrs; (3) for V02(0Ac)2 or 
Ni(0Ac)2 > HOAc, reflux, 12 hrs, N2 atmosphere; (A) for 
Co(0Ac)2 » HOAc, reflux, 12 hrs, oxygen; (5) for (Eti*N)2^014 
or (EtitN^CdBri*, MeOH, reflux, 2A hrs, Et 3N (3.59 mmol),
12 hrs; (6) for CuCl2 , EtOH, reflux, 12 hrs, NaOAc (1.39 
mmol), 12 hrs; and (7) for B^PtCl^, aqueous EtOH (50%), 168 
hrs.
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Table IV
Reactions Attempted with Palladium(II) Complexes
Complexes (mmol) Conditions
Pd Cl,
0.18 Et3N (108 mmol), reflux, 1 hr
OMe
OMe
Pd Cl;
0.04 1) NaOAc (3.28 mmol), Et0H:H20
(1:1, v/v) 48 hrs
0.07 2) (CH3)2CHNEt (172 mmol),
reflux, 12 hrs
0.09 Et£NH (2.90 mmol), reflux, 
M# 48 hrs
Cl
N02 0.06 CO(g) (6 hrs), acetone
Cl
D . 0 . 7 6  Pr^NEt (1.72 mmol), CgHg , 
2 36 hrs
-*2
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Table IV (continued)
Complexes (mmol) Conditions
Pd C l, 0.18 1) decane, reflux, 36 hrs
2) Et3N (7.17 mmol), decane, 
80°C, 36 hrs
Pd CL ° * 26 4
1) decane, reflux, 48 hrs
2) Et3N (7.17 mmol), decane, 
80°C, 36 hrs
Me
PdCI, 0.22 Et3N (108 mmol), reflux, 1 hr
2
Pd
A c O
Br' d r ^ ^ B r
Pd
A c O
0.09 Pr12NEt (172 mmol), reflux, 
12 hrs
a 0.11 NaOAc (3.28 mmol), Et0H:H20
f Pd- Br (1:1, v/v) 48 hrs
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Table V
Attempted Reactions with Gold and Rhodium Complexes 
Complexes (mmol) Conditions
0.02 1) K2C03 (0.17 mmol), MeCn,
12 hrs
0.01 2) NaOAc (0.62 mmol), H20,
36 hrs
M«0 0.02 200°C, 12 hrs, N2 purge
Rh
Me
0.03 225°C, 24 hrs, N2 purge
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RESULTS AND DISCUSSION
Because of the diversity of reactions to be discussed, 
the Results and Discussion section is partitioned into four 
divisions: A. Results with 2-Arylpyridines; B. Results
with 2,6-Diarylpyridines, Benzo[h]quinoline, 5,6,8,9- 
Tetrahydrodibenz[c,h]acridine, and N-(2-Methoxybenzylidene)- 
aniline; C. Non-Cyclometallated Compounds; and D. Attempted 
Reactions. Within each of these divisions, there are further 
subsections in order to describe in detail the scope of 
this research.
A. 2-Arylpyridines
1. Previous Work
2-Phenylpyridine is known to form metal complexes 
of four types: 1) those entailing ir-complex formation;
2) those involving adduct production (with coordination 
taking place solely through the pyridyl nitrogen atom);
3) those consisting of a chelated makeup; i.e. cyclometallation 
and 4) those involving metal salt formation (with protonation 
of the pyridyl nitrogen).
Only one tr-complex of 2-phenylpyridine is known and 
that is a chromium(O) complex, (nG-16a)Cr(C0)362. 1H NMR 
data indicate that 7T-complexation is with the aryl and not 
with the pyridyl ring. On the other hand, adducts have been 
reported for copper(II)G3,G\  nickel(II)63, zinc(II)63, 
boron(III)65, aluminum(III)65, palladium(II)26, and
102
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rhodium(I)66. Reports of cyclometallated compounds of 
2-arylpyrldines with chromium(III)67, titanium(III) 114,67, 
manganese(I)66, rhenium(I)66, ruthenium(II)68,
rhodium(III)69’76, palladium(II) 29 » 35 >1+2»71-73 s and lithium67 > 714 
have been published. Finally, platinum(II)is known to 
form a salt with 2-phenylpyridine, (LH)2PtCli+.
2. Palladium Compounds
Presumably the initial step of 2-arylpyridine 
cyclometallation is N-coordination to a metal followed by 
attack, either electrophilic or nucleophilic depending on 
the metal, on the aryl ring. If a metal has relatively 
labile ligands, e.g. C0H5CN, then rapid replacement by a 
stronger Lewis base can occur easily. Thus reaction of 
2-phenylpyridine with bis(benzonitrile)dichloropalladium(II) 
leads to adduct formation and precipitation of the complex.
This precipitation appears to prevent any further reaction 
and thus hinders cyclometallation. Similar studies75’76 
with bis(benzonitrile)dichloropalladium(II) and azobenzene 
again lead only to adduct production. A subsequent crystal 
structure determination77 of this compound, Pd(azobenzene)2CI2, 
shows that one of the chlorine atoms is involved in two 
very short intramolecular contacts (2.59A) with phenyl 
hydrogen atoms from different azobenzene ligands. These 
nonbonded interactions are substantially shorter than the 
sum of the H and Cl van der Waal radii (3.0A)78.
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Treatment of 2-arylpyridines with lithium tetra- 
chloropalladate(II) in alcohol at ambient temperature 
gave the corresponding chloro-bridged dimer 8. Addition 
of a 2-arylpyridine to I^PdCli* caused an almost instantaneous 
color change from brownish-red to yellow followed immediately 
by the precipitation of 8 (Table VI). These chloro- 
bridged dimers are insoluble in all common solvents except 
for those possessing strong coordination ability, e.g. 
pyridine or dimethylsulfoxide (DMSO). Hence characterization 
of 8 was based on elemental analyses, IR, and formation of 
derivatives.
The IR data are best illustrated by comparing the spectra 
of 2-phenylpyridine, bis(2-phenylpyridine)dichloropalladium(II), 
and di-p-chloro-bis [2'-(2-pyridyl)phenyl-N]dipalladium(II),
8a (see Figure 23). The 850-650 cm-1 range is the region 
for out-of-plane CH deformation vibrations and strong 
absorptions at -750 and -690 cm-1 are characteristic of 
monosubstituted benzenes.78 These absorptions are evident 
in both 2-phenylpyridine and the adduct. However, in the 
cyclometallated complex the strong absorption at 690 cm-1 
disappears which is what would be expected for an ortho 
disubstituted benzene.
The Pd-C stretch for square planar complexes has been 
reported80 to appear in the 530-480 cm-1 region. However, 
except for the two cyclopalladated (acetato- and chloro- 
bridged) complexes of 2-(3'-methylphenyl)pyridine, no other
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Table VI
Yield, Melting Point, and Selected IR Data for Chloro-Bridged 2-Arylpyridine Palladium(II) Complexes (8).
Aryl Functional 
Group
Yield3
(%)
Melting Point 
(Decomposition) 
(°C)
IR (cm_1)b
H (a) 79 327 750,740,730,700
3'-Me (c) 73 355 815,775,740,725,705,485
4 ’-Me (d) 79 324 815,765,735,705
4 ’-OMe (g) 62 296 840,810,765
4'-N02 (j) 94 405 835,785,775,755,735,705
4'-Br (n) 85 378 770,760,755
a. Actual isolated yield.
b. Prominent bands in the A50-850 cm 1 region.
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Figure 23. The IR spectra in the 850-650 cm-1 region of a) 2-Phenylpyridine; b) Dichloro- 
bis(2-phenylpyridine)palladiura(II) ; and c) Di-y-chloro-bis[2 -(2-pyridyl)-
3 phenyl-_N] dipalladium(II).
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assignments for this stretch have been made. A medium 
band at 485 cm-1 is assigned to the Pd-C bond in the 
chloro-bridged dimer while the acetato-bridged dimer has 
a weak band at 490 cm-1 which is most likely due to the 
Pd-C stretch.
To confirm that a cyclometallated ligand is present 
in the chloro-bridged dimers, several monomeric derivatives, 
19, were prepared: 1) R = H, L = NH3; 2) R = H, L = PCCgHg)
3) R = 5'-N02, L = P(CgH5)3; and 4) R = 5'-Me, L = P(C6H 5)b. 
Although there are two possible isomers, it was presumed 
that the Lewis base, L, is trans to the pyridyl nitrogen. 
This is based on IR studies by Crociani, et al.81 and by 
Nonoyama and Takayanagi82. They found that in chloro- 
bridged cyclometallated dimers the Pd-Cl stretches are at 
-330 and -260 cm-1. The former is assigned as the Pd-Cl 
stretch when the Cl is trans to the Pd-N bond while the 
latter is assigned when the Cl is trans to the Pd-C bond. 
Upon making monomeric derivatives, the Pd-Cl stretch was 
found at -255 + 10 cm-1 and hence the conformation 19 
was assigned. These monomeric triphenylphosphine compounds 
exhibited better solubility than the corresponding dimers. 
Unfortunately, the triphenylphosphine moiety renders the 
aromatic region in the NMR spectra of these complexes 
uninterpretable. The ammino complex (with L = NH3) proved 
to be as insoluble as the starting dimer.
Figures 24-26 show the TGA curves for the adduct,
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dichlorobis(2-phenylpyridine)palladium(II). and two chloro- 
bridged dimers, 8a and 8c. The adduct shows first the loss 
of an organic moiety plus a chloride then loss of an 
organic ligand yielding a residue of PdCl, 29.10% (calculated 
28.01%) (Figure 24). The TGA of 8a (Figure 25) shows loss 
of a solvent molecule then loss of a 2-phenylpyridine and finally 
a slow loss of chloride to give a residue of palladium metal, 
35.60% (calculated 35.96%). 8c has a simple TGA curve, loss 
of the organic moiety followed by a gradual loss of chloride 
gave a palladium metal residue, 34.80% (calculated 34.33%)
(Figure 26). The residue in all three cases was a silvery- 
gray material.
Chloro-bridged dimers can be converted into easily 
characterized soluble complexes by the use of several 
reagents. For example, sodium diethyldithiocarbamate 
and silver(I) acetate were employed to obtain soluble 
complexes. Use of sodium diethyldithiocarbamate and di-p- 
chloro-bis [4'-nitro-2'-(2-pyridyl)phenyl-N]dipalladium(II) 
led to the formation of a monomeric complex 11, although 
not in high yield (36%). Care must be taken since a larger 
than 2:1 molar ratio of carbamate to dimer will yield 
bis(diethyldithiocarbamate)palladium(II). Silver(I) acetate 
was mixed with di-yi-chloro-bis[51-methyl-2 1- (2-pyridyl)phenyl-N]- 
dipalladium(II) to give the corresponding acetato-bridged 
complex in high yield (80%) .
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Onoue and Mortiani83 reported that palladium(II) acetate 
and N-phenylbenzaldimine in refluxing acetic acid gave the 
cyclometallated complex 20 in high yield (96%). More 
important from a characterization viewpoint was the 
compound's solubility in organic solvents. Thus NMR data 
could be obtained for this acetato-bridged cyclometallated 
complex.
Reaction of 2-arylpyridines with palladium(II) acetate 
in refluxing glacial acetic acid gave the corresponding 
acetato-bridged dimer 9 (Table VII). When palladium(II) acetate 
(hereafter Pd(0Ac)2) is utilized, cyclopalladation 
proceeds at a slower rate, evident by a sluggish reaction 
at room temperature. Thus, the reactions were conducted 
in refluxing glacial acetic acid. However, refluxing chloro­
form proved to be a better choice since it led to higher 
product yields. These related metallation reaction rates
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Table VII
Yield, Melting Point, and Selected IR Data for Acetato-Bridged 2-Arylpyridine Palladium(II) Complexes (9).
Aryl Functional 
Group
Yield3
(%)
Melting Point 
(Decomposition)
(°c)
IR (cm 1)
H (a) 52 >220 1565,1405,735,720
2'-Me (b) 66 273 1570,1405,780,760,740,705
3’-Me (c) 72 160 1580,1420,815,780,745,710,
690
4'-Me (d) 48 244 1570,1410,810,770,705
2'-OMe (e) 62 251 1560,1410,837,790,750,715
3'-OMe (f) 41(80)b 249 1567,1423,773
4'-OMe (g) 60 230 1575,1415,845,810,775,710
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Table VII (continued)
Aryl Functional 
Group
Yield3
(%)
Melting Point 
(Decomposition) 
(°C)
IR (cm 1)
2'-N02 (h) 42 278 1560,1410,795,770,740,710
3'-N02 (i) 35(66)b 325 1560,1415,780,745,735
4' -N02 (j) 37 260 1575,1425,785,771,750,735
2'-Cl (k) 19 258 1575,1415,780,750,710
4 ’-Cl (1) 31 275 1560,1420,785,760
4’-Br (m) 67 273 1570,1420,810,775,765
g
Actual isolated yields in glacial acetic acid. 
b Yields in chloroform as reaction solvent.
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are best explained by the nature of the palladium reagent, 
in which PdCl^2- is mononuclear, whereas, Pd(OAc)2 has 
been found to be trimeric by molecular weight determinations814 
and by an X-ray crystal structure.85
The yields for the formation of 9 with six different 
ring-activating substituents averaged 58%, whereas, for 
six compounds with ring-deactivating groups the yields 
averaged only 38%. These results suggest that the controlling 
factor in formation of 9 may be an electrophilic attack on 
the aryl ring by palladium, after initial N-complexation. 
Previous studies10’31 involving reactions of palladium 
with azobenzenes have also suggested that palladium under­
takes electrophilic substitution reactions, so the results 
here simply reinforce this suggestion.
In electrophilic substitution reactions, electron-rich 
aryl rings are very susceptible to attack, thus 2— (3T,5 * — 
dimethoxyphenyl)pyridine, 16o, was prepared to test this 
effect in cyclopalladation. Under a variety of conditions, 
only unchanged starting ligand was isolated when Pd(OAc)2 
was used and a 2:1 adduct [Pd(16o)2C12] was obtained with 
PdClt*2-. Although initial N-complexation is possible, 
subsequent electrophilic substitution appears to be retarded 
by the 3’- (or 5’-)methoxy group. Similar steric effects 
were observed for 16c, 16f, and 16i in that only a single 
cyclometallated product was obtained.
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Two complexes, 21 or 22, could result when PdCli,2- 
or Pd(0Ac)2 are mixed with the appropriate ligand. NMR 
data indicated that only one complex was obtained, viz., 22. 
This can be easily seen in Figures 4 and 6 . If complex 
21 had been produced each of the aryl protons would have 
shown up as a doublet of doublets. Protons a_ and c_ would 
have couplings of '9 and ~3 Hz while proton Is would have 
two couplings of '9 Hz.85 Instead, a doublet with a 
coupling of 9 Hz is seen for one of these aryl protons.
This is what one would predict for Ar-6 ' in 22. Unfortunatel
6'X
21 22
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the other aryl protons for 9f (Figure 4) have similar 
chemical shifts so only a group assignment is made. In 
complex 9i (Figure 6) the chemical shifts of all aromatic 
protons are sufficiently different so that a complete 
assignment is possible. Decoupling experiments on Ar-6' 
show that Ar-5' is reduced to a doublet (J = 2 Hz) while 
Ar-3’ is unaffected, thus confirming conformation 22 is 
correct for the complexes (9c, 9f, 9i). An X-ray study87 
of 9i (Figure 27) has confirmed that the nitro group is 
'para' to the palladium carbon-bond.
Due to the ligand synthetic procedure via a diazonium 
coupling reaction with pyridine a mixture of 2-, 3-, and 4- 
arylpyridines is obtained (equation 3). The reaction of 
PdClu2- with a melange from the reaction of diazotized 
o-chloroaniline and pyridine yielded a mixture of adducts 
(with the 3- and 4-arylpyridine) and the cyclometallated 
complex (with the 2-arylpyridine). This mixture proved 
to be inseparable by a variety of standard methods.
However, a reaction of Pd(0Ac)2 and a mixture of 2-, 3-, 
and 4-(2'-chlorophenyl)pyridines afforded only the cyclo­
metallated complex 9k. Thus, the cyclometallation reaction 
may be used successfully as a separation method given the 
appropriate organic moieties.
2-Phenylpyridine exists in solution in a mobile but 
non-planar conformation 23. The dihedral angle between planes 
has been estimated at various degrees: ~23°88, ~30°89, ~40°90,
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Figure 27. X-ray crystal structure of 9i.
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and ~58°91. Therefore, introduction of a 2'-substituent 
will greatly contribute to this steric inhibition of 
resonance. From isomerization studies of chiral biphenyls,
23
I V
it was concluded that the effective substituent capacity to 
retard racemization is roughly parallel to the order of the 
size of the groups as determined by X-ray measurements, 
that is: Br >> Me > Cl > NO2 > CO2H >> OMe > F92. Since
cyclometallation was possible with 16e (2’-OMe), 16h 
(2'-N02), 16k (2'-Cl), and 16b (2'-Me) but not with 16m 
(2'-Br), the steric bulk of a bromine atom at the 2-position 
appears to be sufficient to prevent rotation to give the 
necessary near planarity of the aryl moieties and thereby 
to prevent subsequent electrophilic substitution.
Treatment of a bridging acetato complex 9c with 
sodium thiocyanate in acetone led to the quantitative forma­
tion of an insoluble complex 24 containing a bridging 
thiocyanate group. This bridging thiocyanate exhibited a 
sharp peak at 2145 cm-1, suggesting that bridging involves 
both sulfur and nitrogen93.
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The acetato-bridging groups in palladium complexes have 
been shown by X-ray studies36-39 to have a "boat" form to 
permit greater electron delocalization. Two conformations 
are possible in these complexes: 1) one in which the
pyridyl nitrogens are in a "trans" arrangement, 13; and 
2) one where these nitrogens are "cis", 25.
13 u
2 5
If conformation 13 results from a reaction then the 
acetate methyl groups have similar chemical environments and 
hence appear as a singlet in the *H NMR spectrum. However, 
if a "cis" conformation 25 arose then the acetate methyl 
groups are in different environments and two singlets
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should appear. ^  NMR data (see Figures 3-8) show a 
sharp singlet with two adjacent peaks. Varying the spinning 
rate did not shift these peak positions so it is concluded 
that they must be due to the "cis" isomer and not to 
spinning side bands. Measurement of the integration areas 
showed that the isomers (trans:cis) are present in the 
ratio 10:1. Examination of the crystals of 9i under a 
microscope revealed the presence of two crystalline forms, 
orange and red. The orange crystals were present in a 
larger amount and a subsequent X-ray determination87 on 
one of those crystals proved it to be the "trans" isomer 
(Figure 27). The red crystals were too small in size and 
amount to be collected separately.
p-Acetato groups are characterized by two broad bonds 
in the IR at -1580 and -1410 cm-1 83. Values for 9 are 
listed in Table VII. In *H NMR the bridging acetato group 
is reported to appear in the range 6 1.70-2.20 for 
cyclometallated compounds814, and in the range 6 1.74-1.89 
for non-cyclometallated dimers such as [PdX(AsMe2Ph)(OAc)]28 
Palladium(II) acetate has been reported to have a singlet 
at 6 2.04 in CDCI386. The bridging acetato methyl 
appears as a sharp spike in the NMR of 9 (Figures 3-8) 
in the range 6 2.24-2.32. Values for the individual 
complexes are listed in Table VIII.
Upon cycloraetallation with Pd(0Ac)2 all the aromatic 
protons in 9 exhibit an upfield shift by various amounts
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Table VIII
200 MHz NMR Data for Liquid and the Corresponding Acetato-Bridged Complex (9)a
Aryl Functional 
Group
Ligand (16) , 6(ppm) Complex (9) , 6(ppm)
Ar-5' Py-6 Ar-6 Py-6 OAc
H (a) 7.92-3.25 8.70 6.62-6.95 7.88 2.24
2'-Me (b) __b 8.66 6.87 7.97 2.28
3'-Me (c) 7.35 8.68 6 . 77 7.82 2.28
4'-Me (d) 7.22 8.62 6.75 7.89 2.28
2'-OMe (e) __b 8.70 6.60 7.86 2.25
3'-OMe (f) 7.32 8.63 6.75 7.82 2.34
4'-OMe (g) 6.98 8.63 6.42 7.85 2.28
2'-N02 (h) __b 8.65 6.90-7.03 7.96 2.24
3'-N02 (i) 7.63 8.70 7.11 7.96 2.32
2'-Cl (k) c c 6.93-6.98 7.95 2.26
4'-Cl (1) 7.42 8.70 -6.76 7.97 2.28
4'-Br (n) 7.57 8.68 6.82-6.95 7.98 2.30 122
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Table VIII (continued)
a
Ligands were run as 10% solutions in COCI3. Palladum complexes were run as 0,1 mmol solutions.
b
Values not assigned.
c
Ligands mixture not separated, but rather transformed directly to complexes 9k.
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(for an example see Table IX). The 6-pyridyl hydrogen in 
9 displays an average upfield shift of 0.77 ppm from the 
corresponding ligand. Because of substitution on 
the aryl ring only the 6 '-aryl hydrogen ("ortho") 
to the Pd-C bond) is congruous throughout the system and 
shows an average upfield shift of 0.56 ppm. Values for 
these specific protons are listed in Table VIII. These 
upfield shifts are reflective of enhanced shielding effects 
and result from two probable causes: (a) an electron flow
from the electron rich (d8) palladium atom into the aromatic 
ring (tt back bonding) and/or (b) a through-space shielding 
caused by an adjacent (syn juxtaposition) aromatic ring.
In support of the latter effect being the major 
contributor to these upfield shifts, the following observa­
tions are noted: 1) acetato-bridged dimers, whose
crystalline structures have been determined38~39>87, exhibit 
a "boat" form of the bridging acetates, apparently to 
permit greater electron delocalization. The remaining ligands 
attached to the two planar bridged palladium atoms are 
brought into a close proximity. After substitution of these 
ligands with 2-arylpyridines, the CPK models indicate that 
the protons in question are within the shielding environment 
of the syn-juxtaposed aromatic rings (see Figure 27). 2) In
order to remove the effect caused by the syn-aromatic nuclei, 
the mononuclear complex 11 was prepared. The *H NMR 
spectrum of H i  (Figure 20, Table IX) shows upfield shifts
R eproduced  with perm ission o f the copyright ow ner. Further reproduction prohibited w ithout perm ission.
Table IX
200 MHz NMR Data for 2-(3*-nitrophenyl)pyridine and the Corresponding Cyclometallated Complexes of
Palladium (II), Rhodium(III), and Iridium(III)a
Compound 3-PyH 4-PyH 5-PyH
6 (ppm)
6-PyH 31-ArH 5’-Arh 61-ArH
Ligand (16i) 7.75-7.83 7.75-7.83 7.31 8.70 8.84 8.33 7.61
[Pd(16i)(OAc)]2 
9i ~~
7.32 7.57 6.74 7.96 7.76 7.69 7.11
[Pd(16i)(DTC)b] 
lli ~~
7.90-8.00 7.90-8.00 7.20-7. 30 8.42 8.39 7.90-8.00 7.20-7.:
[Rh(_6i)2C1]2 
101 (M = Rh)
8.13 8.13 7.01 9.18 8.46 7.57 6.04
[Rh(16i)2DTC] 
12 "
7.96 8.06 7.43 9.60 8.45 7.60 6.47
[Ir(l6i)2Cl]2 8.15 8.01 7.02 9.19 8.42 7.47 6.01
101 (M = Ir)
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Table IX (continued)
a The ligand was run as 10% solution in CDCI3. The metal complexes were run as 0.1 mmol solutions, 
k DTC stands for the N,N-diethyldithiocarbamate ligand.
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for both of the aromatic hydrogens in question but the 
shifts are not as severe as those seen in the bridged 
acetato-compound 9i (Figure 6, Table IX). The 6-pyridyl 
hydrogen (6-Py) is shifted upfield by 0.28 ppm in H i  
versus 0.74 ppm in 9i. The aryl proton (6 '-Ar) is 
similarly shifted by -0.4 ppm and 0.50 ppm in lli and 9i, 
respectively. While there is no through-space anisotropic 
shielding possible in 11, it is possible that any 
palladium-to-nitrogen back bonding, which might occur, is 
diminished by the dithiocarbamate moiety.
There is, nevertheless, some contribution to the 
proton chemical shift caused by metal-ligand back bonding:
(1) for example, in 26, the NMR spectra for both the 
ligand and complex reveal an upfield shift (~0.2 ppm) for 
the a-pyridyl hydrogen, which must be due to metal back 
bonding97; (2) the upfield shifts observed for 9 are in 
contrast to the downfield shifts of the a-pyridyl proton 
and the proton "ortho" to the rhodium-carbon bond in 
RhCl2(16a)(PBu3)270; (3) a downfield shift for 6-Py hydrogen 
is observed in complexes 10 (M = Rh,Ir). Since Rh(III) 
and Ir(III), dG systems, are not as electron rich as Pd(II) 
(and are surely more electronegative), this reversal in 
electron flow suggests that d8 systems donate to the ligand 
via back donation; (4) the distinct upfield shifts for the 
aromatic protons in question are still present in lli but 
are not as large as those in 16i.
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The *H NMR data for 9 reveal considerable non-bonding 
interaction between the 3'-aryl substituent and the 3- 
pyridyl hydrogen. The shifts for 3-pyridyl hydrogen from 
6 7.07 (R = H) downfield to 7.32 (R = 3'-Me), 7.82 
(R = 3'-OMe), and 8.30 (R = 3'-Cl) in 9 are indicative of 
increased electron-density of the 3'-substituent on 3-PyH, 
compounded with a possible deviation of the rings from 
planarity caused by the 3'-substituent, and not simply 
increasing substituent size (Me > Cl > OMe > H). When 
R = 3'-N02, the 3-PyH chemical shift showed a slight upfield 
shift (5 6.90-7.03 ppm), reflecting of a diminished electron- 
density at the atom adjacent to the aryl ring on H-3.
The 200 MHz spectrum (Figure 20) of lli shows that the 
methylene protons are equivalent whereas the methyl groups 
are not. This would indicate that the environments for 
the methyl groups are dissimilar. If the methyls are 
positioned near the sulfur atoms which are themselves non­
R eproduced  with perm ission o f the copyright ow ner. Further reproduction prohibited w ithout perm ission.
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equivalent (one cis to a pyridyl ring and the other cis 
to an aryl ring) then the reason for different methyl groups 
becomes apparent (see 27). A high temperature *H NMR 
study (90°C) did not bring about equivalence of these 
methyl groups and this would imply that some double bond 
character is present in the CN bond of the dithiocarbamate. 
The methylene groups are not affected by this through-space 
effect and appear as a single quartet. A similar study98 
of complexes of type 28 showed analogous results.
'N s
\  /  \ 3 / " ' H
Pd C = N  +
V H E,'-Mr''SN 5
Et c /  \3 H S PR.
27
Figures 28 and 29 show the TGA curves for two acetato- 
bridged cyclopalladated dimers, 9f and 9h. The TGA curve 
(Figure 28) for 9f reveals that first the arylpyridine 
is eliminated then a long gradual loss of acetate to give 
a palladium metal residue, 30.07% (calculated 30.44%). For 
9h just the opposite occurs upon heating, the acetate group 
is lost then the arylpyridine giving a residue of palladium 
metal, 28.70% (calculated 29.19%). This datum seems to 
indicate that the electron-withdrawing group, -NO2 , produces
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1 3 0
& - k  r
oo
CNJ
O
ro
O
*
o
tn
6ui'lHOI3M
O
o
o
o0
OO
N
OO
0 w
(E
3H<
CC
UJ
a
s
UJ
»-
o
o
o
oIO
U-l
M
oU-l
o
o
0o
<o
H
o
o
00
cs
a)n
3
00
R eproduced  with perm ission o f the copyright ow ner. Further reproduction prohibited w ithout perm ission.
ooo oo
«f> * IO N
6 W J . H 0 I 3  M
R eproduced  with perm ission o f the copyright ow ner. Further reproduction prohibited w ithout perm ission.
Fi
gu
re
 
29
. 
Th
e 
TG
A 
cu
rv
e 
fo
r 
9h
.
1 3 2
a stronger Pd-C bond than the electron-donating group, -OMe 
A nitro-group would tend to help withdraw electron density 
from the electron-rich d® system whereas the OMe would 
back-donate. A fine gray powder was the residue for 
both 9f and 9h upon examination of the cooled sample boat.
Bis(acetylacetonato)palladium(II) (hereafter Pd(acac)2) 
has been reported98’99 to react with pyridine to form 
complexes where one acetylacetonato group is now coordinated 
to the palladium atom via a carbon atom (29, L = pyridine).
A solution of Pd(acac)2 with either 16g (4’-OMe) or 16i 
(3 '-N02) in refluxing chloroform did not react but afforded 
unchanged starting materials.
brrO. L 
HX( H Me
- o  V - c '  
V "0
Me Me-Cv 
v0
29
3. Rhodium, Iridium, and Platinum Compounds
The relative substitution reaction rates of platinum-
(II) to palladium(II) have been observed100 to be of the order 10-5. 
Reactions with platinum(II) compounds are generally con­
sidered sluggish and hence suitable for studies of kinetics
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in square planar complexes. Thus, reaction of PtCli*- 
with a 2-arylpyridine would be expected to proceed at a 
slow rate. Since platinum, like palladium, undertakes electro­
philic substitution reactions on aryl rings22, an electron-rich 
aryl ring should be the best choice for a cyclometallation attempt. 
Hence, 2-(2'-methoxyphenyl)pyridine, 16e, was mixed with 
l^PtClii in an aqueous acetone solution to yield the platinum 
analog of 8e. Whereas the palladium solution gave an 
almost instantaneous reaction, there were no signs of a 
reaction, i.*fL- color change or precipitation, for this 
platinum reaction after four hours. After a period of 
12 hrs, a yellow solid was removed by filtration and it 
proved to be the cycloplatinated complex (38%). No 
additional complex was obtained even though the filtrate was 
stirred for an additional 120 hrs. Characterization of this 
platinum compound was based on elemental analysis and IR.
Attempts to prepare chloro-bridged dimers with 2- 
phenylpyridine or 2— (3 '-nitrophenyl) pyridine and PtCli, 
were unsuccessful. An alcoholic medium was found to be 
inappropriate for this system since no evidence of reaction 
was found after 120 hrs of stirring, and heating led to 
precipitation of metallic platinum. The only previously 
reported1*1 complex of platinum containing 2-phenylpyridine 
is a pyridinium salt of the tetrachloroplatinate anion,
(LH^ PtCli*.
Rhodium(I) is known to form an adduct with 2-phenyl­
pyridine, RhCl(CO)(16a>266, whereas rhodium(III) chloride
R eproduced  with perm ission o f the copyright ow ner. Further reproduction prohibited w ithout perm ission.
reacts with 2-phenylpyridine to give cyclometallated complexes: 
[RhCl2(16a)(PBu3)n , where n = 1 or 2]69 and [RhCl(16a)2]2’2CHCl3 
The latter complex is analogous to those prepared here (10,
M = Rh) but it was only characterized by elemental analysis 
and IR (absence of the 694 cm-1 band, see, for example,
Figure 23). The monomeric complexes were characterized by 
elemental analyses, IR, and NMR. There are no reported 
complexes of iridium with 2-arylpyridines.
Metallation with rhodium(III) halides in alcoholic 
solvents usually give bis-chelate type complexes,
[Rh(C-N)2X]2 70 ’10 Similarly, iridium(III) halides,
either Na3IrCl6lt)I+- 105 or IrCl3-3H20106, afford analogous 
compounds, [Ir(C-N)2X]2. Thus, reactions of rhodium(III) 
and iridium(III) chlorides with 2-arylpyridines in refluxing 
aqueous methanol lead to formation of 10, bis- 
cyclometallated chloro-bridged dimers (Table X) even when 
the ligand-to-metal mole ratio is 3:1. Unlike the corresponding 
palladium complexes containing chlorine-bridging atoms, 
these rhodium and iridium compounds are soluble in common 
organic solvents, so that facile characterization by NMR 
is possible.
Although two isomeric forms are possible, i.e. pyridyl 
nitrogens trans or cis to each other, only one isomer has 
been isolated. This can be induced from studying 
CPK models and deduced from the NMR spectra 
of these complexes. If the pyridyl nitrogen atoms were cis 
then these two 2-arylpyridines would be nonequivalent and
R eproduced  with perm ission o f the copyright ow ner. Further reproduction prohibited w ithout perm ission.
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Table X
Yield, Melting Point, and Selected IR Data for Biscyclometallated 
Chloro-Bridged Dimers of Rhodium(III) and Iridium(III)
Compound Melting Point 
(Decomposition) 
(°C)
Yield
(%)
IR
(cm-1)
[Rh(16b>2Cl]2 362 30 843,790,755,720
[Rh(16i)2Cl]2 406 60 783,755,740
[Rh(16n)2Cl]2 473 12 773
[Ir(16i)2Cl]2 453 14 783,705
[Ir(16n)2Cl]2 298 5 770
R eproduced  with perm ission o f the copyright ow ner. Further reproduction prohibited w ithout perm ission.
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two different sets of signals for each proton should be 
expected. For example, one 6-pyridyl proton would be 
directed along a metal-chloride axis and the other 6-pyridyl 
proton would lie over the other pyridyl ring and as a result 
experience an upfield shift due to a shielding effect. 
However, if the nitrogen atoms were trans then both 2-aryl- 
pyridines are equivalent and as a result only one signal 
set would be expected for each pair of protons; and this is 
exactly what is observed (Figures 15-19).
Rhodium(III) and iridium(III) complexes show very 
similar effects on the *H NMR spectra of 2-arylpyridines 
upon chelation (Table XI). The 6-pyridyl proton in these 
complexes exhibit downfield shift whereas in the analogous 
palladium complexes an upfield shift is shown (for an example 
see Table IX). These shifts are due directly to the metal 
and arise from differences in electron density, d8 (down­
field) versus d8 (upfield), on the metal atom. Downfield 
shifts are also observed in the other rhodium(III) complexes 
of cyclometallated 2-phenylpyridine (see Table XI). Like­
wise for iridium, the 6-pyridyl proton in cycloiridated 
2-(2'-thienyl)pyridine188, 30, exhibits a downfield shift 
(see Table XI). The 6'-aryl proton seems to behave in a 
contradictory manner since it experiences an upfield shift 
upon chelation; however, this can be easily explained by a 
study of the CPK model of 10. The protons in question, 
6 '-ArH, lie directly over the pyridyl ring of the ligand and
R eproduced  with perm ission o f the copyright ow ner. Further reproduction prohibited w ithout perm ission.
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Table XI
200 MHz NMR Data for Rhodium(III), Iridium(III), and 
Palladium(II) Cyclometallated Complexes3
Complex 6 '-ArH 
6(ppm)
6-PyH 
6(ppm)
[RhCl2 (16a)(PBu3)]b unassigned 9.53
[RhCl2 (16a)(PBu 3)2 ]C 8.32 9.90
[Pd(16a)(OAc)]2 6.62-6.95 7.88
[Rh(16b)2Cl]2 5.68 9.37
[Pd(l6b)(OAc)]2 6.87 7.97
[Rh(16i)2Cl]2 6.04 9.18
IIr(16i)2Cl]2 6.01 9.19
[Pd(16i)(OAc)]2 7.11 7.96
[Rh(l6n)2Cl]2 5.97 9.10
[Ir(16n)2Cl]2 5.95 9.12
[Pd(16n)(OAc)]2 6.82-6.95 7.98
[Ir(2-(2-Thienyl)Pyridine)2 Cl]^ 5.94 9.07
Complexes were run as 0.1 mmol solutions in CDCI3.
Data from ref. 69. Sample run in DMSO-dg.
j Data from ref. 69. Sample run in CDCI3.
Data from ref. 106. Sample run in CD2CI2 .
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hence are shielded by the aromatic ring current. A similar 
effect for 30 is observed.
30
A rhodium dithiocarbamate analog, 12, of the monomeric 
palladium complex, 10, was prepared. It demonstrated that 
the dithiocarbamate moiety behaves as an electron sink 
for both palladium and rhodium since the 6-pyridyl protons 
are shifted downfield from their positions in the dimers. 
This may be explained by a loss of electronic density in 
the 2-arylpyridine resulting from an increase in back- 
donation from ligand-to-metal to compensate for the loss of 
metal electron density due to the dithiocarbamate moiety.
Because of the inability of d6 octahedral rhodium(III) 
to ir-back-donate, an N^N-diethyldithiocarbamate moiety 
would be expected to have a CN single bond and hence a sp3 
nitrogen. The methyl groups would be equivalent since 
rotation around the CN is free and their magnetic
R eproduced  with perm ission o f the copyright ow ner. Further reproduction prohibited w ithout perm ission.
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environments would be similar. However, one hydrogen atom 
of each methylene would be cis to the nitrogen lone pair 
and the other hydrogen would be trans to this lone pair 
giving rise to nonequivalent hydrogens on the methylene 
group. Thus one would expect to see two sets of a doublet 
of a quartet for these methylene protons. Figure 22 shows 
the *H NMR spectrum of 12i and the above explanations 
may account for the observed spectrum.
Figures 30 and 31 show the TGA curves for two rhodium(III) 
complexes, 10b and lOi, respectively. The TGA curve for 
10b (M = Rh) reveals an initial weight loss of -9.3%. This 
loss could be due to solvent or perhaps loss of a chlorine 
molecule (calculated = 7.5%) resulting in formation of 
a metal-metal bond. Heating a sample of 10b (M = Rh) at 
210° for 36 hrs under a nitrogen stream gave no sign of a 
visible change. Analysis of this sample by elemental 
analysis and 1H NMR showed no change in composition. Next 
in the TGA curve comes a gradual loss of two 2-arylpyridines 
to afford a residue of rhodium metal, 20.37% (calculated 
21.68%). This gradual loss would seem to indicate that 
a strong metal-carbon bond is present. Figure 31 shows 
the TGA for lOi (M = Rh) and one notes a preliminary loss 
of ~5.8% which corresponds to a weight loss of -32 g/metal 
GAW, either a loss of O2 or Cl. Next comes a rather 
sharp loss of one 2-arylpyridine followed by a gradual 
loss of the other ligand to give a rhodium residue, 18.83%
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(calculated 19.18%). This sharp loss and gradual loss over 
a range of 200°C imply that the rhodium-carbon bond is 
weaker in the nitro compound than in the methyl compound.
4. Gold Compounds
The only reported cyclometallated complexes 
of gold have ligands containing either sulfur (31)17 
or phosphorus (32)15*16 as the donor atom. Attempts to 
produce a cyclometallated complex with a nitrogen donor 
atom such as 2-vinylpyridine, azobenzene, or N,N-dimethyl- 
benzylamine were unproductive and yielded only adducts or 
a salt. Because gold is known to form adducts with pyridine
1 fi fiand since gold a-bonded aryl compounds have been reported10 
it was felt then that cyclometallation with 2-arylpyridines 
was a distinct possibility.
h 2 c x
/S
Me
C H B r— CH2
-Au— Br
Br
31
C H 2 Br
32
/V
107
, 1 0 9
>
R eproduced  with perm ission o f the copyright ow ner. Further reproduction prohibited w ithout perm ission.
1 4 3
Reaction of tetrachloroauric(III) acid with 2-(3',5'- 
dimethoxyphenyl)pyridine led not to the desired cyclo­
metallated complex but to an adduct of gold(III) chloride, 
LAUCI3. This was not surprising considering that a similar 
result was obtained when PdCli,2- was reacted with the same 
ligand. Figure 32 shows the TGA curve for this adduct and 
reveals that a preliminary weight loss of -6.4% corresponding 
to a weight loss of -31 g/mole occurs at approximately 
160°C yielding then a compound thermally stable up to 250°C. 
This weight loss could conceivably be an elimination of an 
HC1 molecule giving then a cyclometallated complex or more 
likely, an elimination of a solvent molecule. A sharp loss 
due to the release of 2-(3',5'-dimethoxyphenyl)pyridine 
and a gradual loss of two chlorides completes the TGA curve. 
The residue is elemental gold, 34.50% (calculated 38.00%).
Heating a sample of this adduct in an oil bath at 
-210°C for 12 hrs under a nitrogen purge led to extensive 
decomposition since only metallic gold was recovered.
Attempts to produce the desired cyclometallated complex by 
treatment of the adduct with K2CO3 or NaC2H 302 were 
similarly futile.
Mixing 2-(4'-methoxyphenyl)pyridine with HAuCli* led 
neither to a cyclometallated nor to a gold(III) compound 
but rather to a gold(I) chloride adduct, LAuCl. When 
2-(4*-nitrophenyl)pyridine and HAuClt, were allowed to react 
a pyridinium salt of tetrachloroaurate was obtained,
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(LHOAuCli*. Figure 33 shows the TGA curve for this salt and 
reveals that the pyridinium cation and four chlorides are 
lost essentially over the temperature range of 200-500°C 
leaving a residue of metallic gold, 36.08% (calculated 
36.49%).
It is the nitro- and not the methoxyphenylpyridine that 
forms the pyridinium salt. Based on pKa values**® for 
jj-nitrobenzoic acid (3.44) and jp-methoxybenzoic acid (4.48) 
one would have expected the more basic methoxyphenylpyridine 
to have formed the salt. Apparently this correlation does 
not apply here and thus the pKa for 2-(4'-methoxyphenyl)- 
pyridine must be lower than that of 2-(4'-nitrophenyl)pyridine, 
pKa = 3.63.***
Attempts to produce an adduct with 2-(4'-nitrophenyl)~ 
pyridine by reaction with either (Et^N)AuCl^ or jj-diphos (AuC1)2 
(diphos = Ph2PCH2CH2PPh2) were unsuccessful. An attempt 
to produce a cyclometallated complex from 2-phenylpyridine 
and acetatotriphenylphosphinegold(I) in refluxing toluene 
under nitrogen were similarly fruitless, but did yield a 
beautiful blue-colored gold film on the bottom of the flask!
5. Miscellaneous Attempted Reactions.
Because of its chemical similarity to 
palladium(II) and platinum(II), nickel(II) was considered 
likely to cyclometallate with 2-arylpyridines. Previous 
workers have used nickelocene* *2-* *6, Ni(tBuNC)it* *7,
NiBr2**8, and Ni(CO)i4**6 as starting materials in forming
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cyclometallated nickel compounds. Endeavors herein were centered 
on using reagents akin to those used for palladium, i.e.
NiCli,- or Ni(0Ac)2 - A methanolic solution of (EtitN)NiClit 
and 2-(4'-methylphenyl)pyridine was refluxed for 24 hrs with 
no sign of reaction, e.g. either a color change or a precipitate. 
Addition of a base, Et3N, to aid in proton abstraction 
proved futile. Nickel(II) acetate and 2-(4'-methylphenyl)- 
pyridine in refluxing glacial acetic acid likewise failed 
to produce any sort of desired product.
Cobalt(III) reveals a particular affinity for nitrogen 
donors such as ammonia, amines, and N-bonded SCN groups.119 
Only two cobalt (III) cyclometallated complexes, 33 (R = H^Bu), 
are known120; however, others121-122 have postulated cyclo­
metallated cobalt(III) intermediates in catalyst 
reactions. Since isoelectronic rhodium(III) and 
iridium(III) cyclometallated 2-arylpyridine complexes are 
known, it was thought perhaps the analogous cobalt compounds 
could be synthesized. Mixtures of cobalt(II) acetate with 
2-(3'-nitrophenyl)pyridine and with 2-(4'-methylphenyl)- 
pyridine in glacial acetic acid were refluxed for 12 hrs 
with oxygen bubbling through the solution. Both solutions 
turned blue but efforts to isolate the products yielded only 
starting materials.
R eproduced  with perm ission o f the copyright ow ner. Further reproduction prohibited w ithout perm ission.
1 4 8
R
R
tTNMe
Co
NMe
CH NMe
33
Attempts to produce cyclometallated complexes of 2- 
arylpyridines with molybdenum(IV), uranium(VI), and 
cadmium(II) were likewise fruitless. Monocyclopentadienyl 
molybdenum cyclometallated compounds are known123-125 
but either the insolubility of (ti5-C5H5)2M0CI2 or lack of 
an available site on the eight-coordinate molybdenum atom 
account for its inert behavior. Addition of a base, Et3N, 
failed to lead to proton abstraction but rather led to 
decomposition. Since neither an actinide nor cadmium cyclo­
metallated complex has been reported, solutions of 2- 
arylpyridines and uranyl and cadmium(II) compounds were 
mixed to see if metallation would occur. A solution of uranyl 
acetate and 2-(4'-nitrophenyl)pyridine in glacial acetic
R eproduced  with perm ission o f the copyright ow ner. Further reproduction prohibited w ithout perm ission.
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acid was refluxed for 12 hrs but work up of the mixture 
yielded only starting materials. A methanol solution of 
(Eti+N)2CdBn1 and 2-(4'-methylphenyl)pyridine was refluxed 
for 12 hrs with no sign of reaction; triethylamine was 
added to see if proton abstraction could be assisted but no 
evidence of complexation was found.
B. 2,6-Diarylpyridines, Benzo[h]quinoline, 5,6,8,9-
Tetrahydrodibenz[c,h]acridine, and _N-(2-Methoxybenzylidine)- 
aniline as Cyclometallating Ligands.
1. 2,6-Diarylpyridines
Only two types of metal compounds have been 
previously reported with 2,6-diarylpyridines: 1) those
with pyridinium salts, such as (LH)2PtCl6126 and (LH)AuCli,126, 
and 2) those involving n-complex formation with the aryl 
rings, Ci7Hi3N'Cr(CO)3127. Since it is well known that 
2-arylpyridines cyclometallate, 2,6-diarylpyridines were 
mixed with Pd(0Ac)2 , RhCl3, and IrCl3 to see if not only 
one aryl ring would metallate but if the second aryl ring 
could be metallated.
Reaction of 2,6-diarylpyridines with Pd(0Ac)2 in refluxing 
glacial acetic acid led exclusively to formation of 14, the 
monometallated complexes (Table XII). No evidence of a 
dimetallated compound was found and attempts to promote 
dimetallation were futile. For example, samples of 14c were 
treated separately with NaC2H 302 in aqueous ethanol for 48 
hrs and with refluxing N,N-diisopropylethylamine for 12 hrs,
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Table XII
Yield, Melting Point, and Selected IR Data for 
Acetato-Bridged 2,6-Diarylpyridine Palladium(II) 
Complexes (14)
Aryl Functional 
Group
Yield3
(%)
Melting Point 
(Decomposition) 
(°C)
IRb 
(cm *)
R' = 4'-Me 
R" = 3"-Me (a) 57 217
1580,1407
810,783
R ’ = 5*-Cl 
R" = 4"-Cl (b)
88 253
1581,1405
790
R' = 5'-Br 
R" = 4"-Br
(c) 59 190
1580,1410
790,745
R' = 5'-OMe 
R" = H (d) 75c
__ d d
a. Actual isolated yield.
b. Acetato-bridging bands and prominent bands in the 
650-850 cm-1 region.
c. Based on analysis corresponding to [C2gH17N03Pd]2.
d. Not reported because of isomeric mixture.
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but only starting materials were recovered.
Crystals of 14b grown from a saturated chloroform 
solution were found suitable for an X-ray crystal structure 
determination. A crystal was selected and mounted inside 
a sealed capillary tube containing chloroform vapor.
This precaution was needed since these crystals lost 
solvent over a period of days rendering them useless for 
X-ray studies. The X-ray molecular structure128 of 14b 
is shown in Figures 34 and 35; pertinent bond distances and 
angles are shown in Figures 36 and 37; respectively. A 
unit cell was found to contain two dimeric cyclopalladated 
molecules and two noninteracting chloroform molecules.
The dimeric species possess an approximate (noncrystallo- 
graphic) C2 symmetry.
The gross molecular configuration is related closely 
to such other cis-bis(y-acetato)dipalladium(II) complexes 
as dimeric (n3-alkyl)palladium acetate (Pd-,,Pd = 2.94A)128, 
bis(y-acetato)-bis(2-(methylallyl)-3-norbornyl}dipalladium(II) 
(Pd"*’Pd = 2.960A)38, bis(y-acetato)dichlorobis(dimethyl- 
phenylphosphine)dipalladium(II) (Pd---Pd = 2.944A)38, bis- 
(y-acetato)-di(2-j>-tolylbenzthiazole)dipalladium(II)
(Pd---Pd = 2.87lA)39, and bis(y-acetato)-di(2-£-tolylbenzoxazole)- 
dipalladium(II) (Pd---Pd = 2.842A)38. The palladium-to- 
palladium distance in 14b is 2.905(1)A. All of these 
palladium-•‘palladium distances are regarded as nonbonding; 
the covalent radius of square-planar palladiura(II) has
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Figure 34. The X-ray crystal structure of 14b.
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been estimated as approximately 1.31A130.
Each palladium atom is in a slightly distorted square- 
planar coordination environment, consisting of a nitrogen 
atom of pyridine, an ortho carbon of a £-chloroaryl 
group, and two oxygen atoms (one from each of the y-acetato
O 0
ligands). The palladium atoms are 0.008A and 0.006A out 
of the best planes formed by these four coordinated atoms.
The palladium-nitrogen (sp2) bond lengths are
O O
2.047(4)A and 2.053(6)A. These values are in reasonable 
agreement with the predicted value of 2 .01& (based upon 
Pd(II) radius = 1.3lX130 and nitrogen (sp2) radius = 0.70A131. 
In contrast, the palladium-carbon (sp2) bond lengths,
1.944(7)A and 1.948(7)A, are all shorter (by ca. 0.1A) than
O 2
the predicted value of 2.05A (based upon diameter C(sp3) - 
C(sp3) = 1.537(5)A 132, diameter C(sp3) - C(sp2) = 1.510(5)A132, 
and a palladium(II) radius = 1.31&131. This shortening 
suggests some multiple-bond character in the Pd-C linkage.
The trans-lengthening influence of o-bonded carbon 
is illustrated clearly by the lengthening of the palladium- 
oxygen distances trans to carbon, relative to those trans
O
to nitrogen. The values are for the former 2.198(5)A and 
2.182(5)X while for the latter are 2.054(6)A and 
2.061(5)X (Figure 36).
As a result of the palladium atoms being bridged by 
two mutually cis y-acetato ligands, the planar, aromatic 
chelating N,(^-bonded 2,6-diarylpyridines are forced to lie
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above one another in the dimeric molecules. This leads to 
interligand repulsions which result in the coordination 
planes of the palladium atoms being tilted at an angle 
of 25.9° (Figure 35). The two acetato bridges 
are separated by a dihedral angle of 79.9°.
The chelated aromatic rings are essentially coplanar 
having dihedral angles of 7.5° and 6 .6°, whereas the 
unmetallated aryl rings exhibit dihedral angles of 52.0° 
and 45.9° with the coordinated pyridine rings. The four 
aryl rings are each planar within experimental error, while 
the two pyridyl rings are marginally non-planar.
Theoretically, a tridentate ligand occupying three 
sites in a square-planar arrangement or meridinal positions 
in trigonal-bipyramidal or octahedral conformations needs 
to span an 180° arc. However, X-ray structure determina­
tions of 2 ,6-di(2 '-pyridyl)pyridine (commonly abbreviated 
terpy) metal complexes have shown that this angle is usually 
less than 180°: for example, 145° in Zn(terpy)CI2133,
147° in Co(terpy)Cl213\  161.4° in [Pt(terpy)(SCH2CH2OH)1N031 
and 165.1° in [Co(terpy)(C03)(OH)]-4H20236. An X-ray 
structure determination137 of 34 revealed the C-Pd-C angle 
to be 163.6°.
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A combination of factors may account for the failure 
of palladium to dimetallate with 2,6-diarylpyridines.
Whereas in terpy complexes a metal-nitrogen single bond 
is formed, for example in [Pd(terpy)Cl]Cl135 the nitrogen
O O
(trans)-to-palladium bond distances are 2.04A and 2.10A, 
the relatively short palladium-carbon bond distance (average
O
1.946A) in 14b implies that some multiple bond character 
is present. Perhaps this short bond pulls the palladium 
atom far enough to one side so that it may not be able to 
interact effectively with the other aryl ring. These 
palladdum-aryl distances are 2.427(1)A and 2.252(1)X. The 
nature of the metallation system is also a factor. In 
34 sp3 carbons are involved in bond formation and the bond 
angles for Pd-C(7)-C(8) and C(7)-C(8)-C(4) are 102.8° 
and 111.1°, respectively. The corresponding bond angles 
in 14b are 114.6° (average) and 115.4° (average). These 
larger angles hinder the approach to palladium by the free
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(unmetallated) aryl ring. The constraints on aromatic 
ring systems simply do not permit this free ring to 
interact with the chelated palladium atom.
Complexes of type 14 exhibit the characteristic 
stretches (1580 and 1410 cm-1)138 for bridging acetate 
groups in the IR (Table XII). The 850-650 cm-1 region is 
uninformative due to the variety of aromatic rings in the 
free ligand and hence no assignment of stretches could be 
made. No stretch for the Pd-C could be assigned.
The 200 MHz NMR spectra for 14 are shown in Figures 
9-12. A noteable feature is the chemical shift of the 
bridging acetato methyl group in 14 as compared to its 
position in the 2-arylpyridine compounds 9. The former 
appears in the region 5 1.33-1.45 ppm (Table XIII) while 
the latter is in the region 6 2.24-2.32 ppm. These upfield 
shifts can be explained by the fact that these methyl 
groups are now in the (through-space) shielding environment
O
of the unmetallated aryl ring; Me-aryl distances are 3.679(9)A 
and 3.650(9)A (Figures 34 and 35).
The NMR data (Table XIII) reveal that the addition 
of an aryl substituent in the 6-position of pyridine has 
essentially no effect on the chemical shift of the 6'-aryl 
proton and the 4-pyridyl proton. However, both the 3- 
and 5-pyridyl protons are influenced by this 6-pyridine 
substituent. The 3-pyridyl protons in 14 are shifted up­
field in comparison to those of 9 due to a inductive effect
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Table XIII 
200 MHz 1H NMR Data for Acetato-Bridged
2,6-Diarylpyridine Palladium(II) Complexes (14)
Pd 6'
Compound 6 ’-ArH 3-PyH 4-PyH 5-PyH OAc
14a 
Z=3ri-MeAr 
R=4'-Me
6.74-6.87 6.54 7.42 7.14 1.33
9c
Z=H,R=4'-Me 6.77 7.04 7.33 6.40 2.19
14b
Z=4n-ClAr
R=5'-C1
6.89-6.95 6.75 7.51 7.21 1.43
91
Z=H,R=5’-C1 6.70-6.79 7.05 7.47 6.82 2.28
14c
Z=4"-BrAr
R=5'-Br
6.94 6.75 7.51 7.21 1.45
9m
Z=H,R=5'-Br 6.82-6.95 7.06 7.50 6.82-6.95 2.30
Palladium compounds were run as 0.1 mmol solutions in CDCI3.
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of the aryl substituent. The more electron-rich ring (14a,
Z = 3"-MeAr) yields a greater upfield shift difference 
(A = +0.50 ppm) with respect to 9 than do the electron-poorer 
aryl rings (14b, Z = 4"-ClAr and 14c, Z = 4'-BrAr) which 
have differences of + 0.30 and + 0.31 ppm, respectively.
Although this inductive effect should occur also for 
the 5-pyridyl protons in 14, a downfield shift of these 
5-pyridyl protons relative to those in 9 is observed. This 
can be explained by reasoning that these protons must lie 
along the edge of the unmetallated aryl ring and hence suffer 
a slight deshielding effect.
When 2-phenyl-6-(4'-methoxyphenyl)pyridine was reacted 
with palladium(II) acetate, an inseparable mixture was 
obtained. Metallation occurred with both the phenyl and 
the 4 '-methoxyphenyl rings. Figure 12 shows the *H NMR 
of this mixture. Elemental analysis fits for a 
monosubstituted complex. Analysis of the integration 
shows the methoxy and methylacetate groups to be 
2:1. Based on the fact that electrophilic attack by 
palladium on the aryl ring in 2-arylpyridines seems to be 
aided by the presence of an electron donating moiety, it 
seems most probable that the peaks at 6 3.92 and 6 1.35 
belong to the complex where palladium is coordinated to the 
methoxyaryl, whereas the peaks at 6 3.82 and 6 1.40 belong 
to the compound where palladium is coordinated to the phenyl 
ring.
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Figures 38 and 39 show TGA curves for 14b and 14c, 
respectively. These curves are somewhat similar, in that 
loss of acetate occurs followed by a long gradual loss of a
2.6-diarylpyridine. Since this loss does not stabilize 
until approximately 800°C for the chloro derivative (14b), 
a particularly strong bond must be present. This is in 
accord with the X-ray data which suggest the presence of 
some multiple bonding in the Pd-C bond. Both 14b and 14c 
yielded silvery-gray powders upon examination of the cooled 
sample boats. In both cases metallic palladium is obtained, 
for 14b, 23.06% (calculated 22.91%), and for 14c, 18.55% 
(calculated 19.23%).
Attempts to produce cyclometallated compounds using
2.6-diarylpyridines with either RhCl3 or IrCl3 were unsuccessful 
and metallic residues were the only products obtained.
Apparently the presence of a 6-substituent on pyridine
which seemingly lies along the metal-bridging chloride axis 
hinders the coordination of this ligand. Of course, it is 
also possible that other starting metal compounds and/or 
other conditions may serve to yield the desired cyclometallated 
products.
2. Benzo[h]quinoline.
Three types of metal complexes have been reported 
with benzo[h]quinoline, 35: 1) a m-complex with chromium(O),
Ci3HgN-Cr(C0)3139; 2) those in which the compound behaves 
as a normal ligand, coordinating through nitrogen, e.g.,
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VO(acac)2(C13H9N)llt0, Pd(n3-allyl) (N03) (C13H 9N) 141, and 
[Pd(H20) (2-(dimethylaminomethyl)phenyl-N) (C13H9N) iClOi*142; 
and 3) those in which the ligand has cyclometallated.
A wide variety of transition metals has been reported 
to form cyclometallated compounds with benzo[h]quinoline.
These metals include Mo(II)182, Mn(I)182, Re(I)102, Ru(II)68 ’102 , 
Os (II) 1 02 , Rh(III)70’i 02- 1 03 >11*3, Ir(III)105, PdClI)25’141-142’72’ 
14*4-1^6^ ancj p t (H)26. A typical method of determining if 
metallation has occurred is to look for the disappearance 
of the H-10 signal from the *H NMR spectrum of a complex.
Three cyclopalladated benzo[h]quinoline were prepared:
[Pd(35)Cl]2 j [Pd(35)0Ac]2, and [Pd(35)DTC] where DTC is an 
abbreviation for N,N-diethyldithiocarbamate (Table XIV).
The latter two were soluble in common organic solvents so 
that NMR spectra could be obtained. Thus the effect of 
Pd(II) on the NMR spectrum could be compared to other 
cyclometallated benzo[h]quinoline compounds (Table XV).
Reaction of Pd(OAc)2 and 35 in refluxing glacial acetic 
acid led to formation of the dimeric cyclopalladated
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Table XIV
Yield, Melting Point, and Selected IR Data for 
Cyclopalladated Benzolh]quinoline Complexes
Complex Yield
(%)
Melting Point 
(Decomposition) 
(°C)
IR
(cm-1)
[Pd(35)(OAc) ]2 75 276 1565,1403,1325
830,710
[Pd(35)Cl ]2 96 405 1399,1322,820,
743,702
[Pd(35)DTC ]a 57 208 1399,1322,825
750,712
a Where DTC symboli zes N,N-■diethyldithiocarbamate
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Table XV
NMR Data for Benzo[h]quinoline and Its 
Cyclometallated Complexes3
Compound H-2 H-4 H-9
Benzolh]quinoline 8.95 8.02 7.53-7.78
[Pd (35)(OAc)]2 7.78 7.40 7.15-7.25
[Pd(35)(DTC)]b 8.64 8.26 7.39
[Rh(35)2CI]2° 9.33 8.35 5.99
[ Ir(35)2Cl]2d -9.4 -8.3 -6.0
a The ligand was run as a 10% solution in CDC13.
Palladium compounds were run as 0.1 mmol solutions.
b Where DTC symbolizes N,N-diethyldithiocarbamate.
Compound run in CDCI3. Data from reference 103.
^ Compound run in CDCI3. Data from reference 105.
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benzo[h]quinoline complex 36. This acetato-bridged complex 
was converted nearly quantitatively (96%) into the dimeric 
chloro-bridged complex by reaction of 36 with NaCl in acetone. 
The dithiocarbamate compound, 37, was obtained by reaction 
of NaDTC and the chloro-bridged dimer in acetone. 36 and 37 
had been prepared previously1*2 but no supporting analytical 
or spectral data were given.
AcO
D
O ]
N S Et
Pd
x s '  'E.
37
Complex 36 exhibits the characteristic stretches (1565 
and 1403 cm-1)13® for a bridging acetate group in the IR.
No information can be obtained from the 850-650 cm-1 region 
since the substituted aromatic rings present in benzo[h]- 
quinoline render assignments based on substitution virtually 
impossible. No Pd-C bond stretch could be assigned in the 
three prepared compounds.
The *H NMR spectra for 36 and 37 are shown in Figures 
14 and 21, respectively. Some selected data for these 
complexes, 35, and for rhodium and iridium cyclometallated
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compounds with benzo[h]quinoline are presented in Table XV.
The methyl protons of the bridging acetate group appear 
as a sharp singlet at 6 2.38. Small side bands are present 
indicating that the cis isomer (25) has been formed (-3% 
from integration).
As one would anticipate for y-acetatopalladium(II) 
complexes, all the aromatic protons in 36 have been shifted 
upfield from their positions in the free ligand along with 
the disappearance of a signal for H-10. This shift has been 
previously explained as a result of an adjacent (syn- 
juxtapositioned) aromatic ring and back-donation from an 
electron-rich (d8) palladium atom. Thus 37 was prepared to 
remove the possibility of this through-space effect and 
leave only the effect of palladium back-bonding, albeit 
diminished by the DTC moiety.
The *H 200 MHz NMR spectrum of the DTC complex 37 is 
shown in Figure 21. Decoupling experiments allowed the 
assigning of all aromatic protons. As seen previously in 
another DTC complex (11), the methyl groups in 37 are 
inequivalent, appearing as two triplets, whereas the methylene 
protons appear as a single quartet. Similar reasoning 
applied here for 37 as in the case of compound 11 calls for 
some multiple bond character in the CN linkage of DTC which 
would prevent rotation around this bond and thus bring 
about equivalent methyl groups. The methylene protons 
must be sufficiently removed from the inequivalent sulfurs,
R eproduced  with perm ission o f the copyright ow ner. Further reproduction prohibited w ithout perm ission.
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one trans to a nitrogen atom and the other trans to a 
carbon atom, to be unaffected by this through-space effect.
The *H NMR data (Table XV) also show the ability 
of an electron-rich (d8) square-planar palladium(II) atom 
to back-donate to a ligand in contrast to octahedral d8 
systems such as Rh(III) or Ir(III). The chemical shift of 
H-2 in the ligand shifts upfield in 36 whereas in the rhodium 
and iridium complexes the signal appears downfield from 
the free ligand position. This observation is consistent 
with earlier results for complexes of 2-arylpyridines 
with Pd(II), Rh(III), and Ir(III).
Attempts to produce either an adduct or a cyclometallated 
compound of benzo[h]quinoline with gold were unsuccessful. 
Mixtures of 35 with either (Eti+N) AuCli, in refluxing acetone 
or with [(CgHs)3PAu(0Ac)] in refluxing toluene returned 
only starting materials.
3. 5,6,8,9-Tetrahydrodibenz[c,h]acridine.
There have been no reported metal complexes with 
5,6,8,9-tetrahydrodibenz[c,h]acridine, 18. Because of its 
similarity to benzo[h]quinoline which is known to cyclo- 
metallate, palladium(II) acetate and 18 were mixed to see 
whether metallation would occur. When Pd(0Ac)2 and 18 were 
mixed in refluxing glacial acetic acid, the monometallated 
complex 38 was obtained in 67% yield.
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The bridging acetate group gave the characteristic 
stretches (1580 and 1410 cm-1)138 in the IR. No information 
from the 850-650 cm-1 region could be obtained because of 
the variety of substituted aromatic rings in the ligand 
itself. An assignment for the Pd-C stretch could not be 
made.
The 200 MHz NMR spectra for 18 and 38 are shown in 
Figures 2 and 13, respectively. The peak at 6 1.14 is 
assigned to the methyl protons of a bridging acetate group 
and from its upfield position these protons must lie over 
the nonmetallated aromatic ring. Protons (H-f) of the 
metallated ring appear upfield from their positions in the 
free ligand and this may be attributed to two factors:
1) back-donation by the electron-rich (d8) square-planar 
palladium(II) metal atom to the ligand and 2) a through-space 
shielding effect caused by an adjacent (syn juxtapositioned) 
aromatic ring.
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1 7 2
The protons (H-a, -b, -c, -d) on the nonmetallated 
aryl ring appear unmoved in their chemical shifts, especially 
H-a, 6 8.52 in both the free ligand and cyclometallated 
complex. Since this five-ring system is not planar because 
of the presence of sp3 carbons, the resultant geometry 
would cause this unmetallated ring to be skewed to the 
palladium coordination plane. Thus these protons, H-a 
to H-d, may not lie over a metallated ring and hence 
experience no shielding field. However, the converse may 
not be true. The protons (H-f) may still be within the 
shielding environment of this skewed nonmetallated ring.
The geometry would also account for the failure of a 
dimetallated complex to be isolated, if so, then perhaps 
the completely planar1^7 ligand dibenz[c,h]acridine, 39, 
would permit a dimetallated complex. Only salts, 
(LH^PtClg148 and (LH)AuCli+lt*9, have been previously reported 
for 39. When a mixture of palladium(II) acetate and 39 was 
refluxed in glacial acetic acid only starting materials 
were recovered. Apparently the H-a protons hinder approach 
of a metal atom to the pyridyl nitrogen.
39
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4 . N-(2-Methoxybenzylidine)aniline.
In collaboration with Dr. R. D. Gandour (LSU), 
the cyclopalladated complex 15 was prepared as a precursor 
in the synthesis of 2-methoxy-6-tert-butylbenzoic acid.
Reaction of N-(2-methoxybenzylidine)aniline, 40, with 
Pd(OAc)2 in refluxing glacial acetic acid yielded 15 (85%).
q q
This bridging acetate complex was converted into 41 
(84%), the dimeric chloro-bridged compound, by reacting 15 
with 2 equivalents of NaCl in acetone.
The bridging acetate groups in 15 show their characteristic 
stretches (1560 and 1410 cm-1)13® in the IR. The NMR 
spectrum of 15 gives a peak at 6 1.78 due to the methyl 
protons of a bridging acetate group. Its upfield position 
relative to the positions in 9 (6 2.24-2.32) indicates that 
these protons must be in a shielding environment presumably 
due to the unmetallated aryl ring. A singlet at 6 8.03 
is assigned to the -CH=N-methyne proton in 15, having been 
shifted upfield by 0.91 ppm from the free ligand. This is 
in accord with a previous report115 involving cyclometallated 
complexes of benzal anilines with nickelocene where 
coordination of the azomethyne to the nickel atom was through 
the nitrogen lone pair. If the Tr-electrons of azomethyne 
had been involved in coordination the azomethyne proton 
would have produced a signal shifted upfield by approximately 
2 ppm150.
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The procedure for the preparation of 2-methoxy-6- 
tert-butylbenzoic would follow the route of Murahashi, 
et al.33 (see Scheme 1). 41 would be converted in situ
into a soluble monomer with triphenylphosphine and then 
reacted with tert-butyllithium to yield 42151, which would 
then be hydrolyzed with acid and then oxidized to 
the desired benzoic acid.
C. Non-cyclometallated Compounds Involving Adduct or 
Salt Formation.
1. 2-Benzylpyridine Adduct
Previously reported metal compounds of 2- 
benzylpyridine, 43, involve either a pyridinium salt, 
2-benzylpyridinium dichromate152, or adduct formation with 
manganese(II)153, copper(I)154, copper(II)153, zinc(II)153, 
cadmium(II)153, and mercury(II)153»155-156. Attempts were 
made with palladium reagents and 43 to see if a 6-membered 
cyclopalladated ring could be formed.
43
When PdCli*- and 43 were mixed in absolute ethanol only 
a 2:1 (ligand:metal) adduct was obtained. Characterization 
of this new compound was based primarily on elemental
R eproduced  with perm ission o f the copyright ow ner. Further reproduction prohibited w ithout perm ission.
176
analysis and IR since this adduct was virtually insoluble 
in common organic solvents. The 850-650 cm-1 region of 
the IR for this adduct was identical to that for A3 
indicating that a monosubstituted phenyl ring was present. 
Endeavors to produce a cyclometallated complex by treating 
this adduct with several bases, NaC2H 302 and Et3N, were 
futile.
No product of any sort was obtained when Pd(0Ac)2 and 
A3 were mixed in refluxing glacial acetic acid for 12 hrs. 
Apparently even if N-coordination takes place the inability 
of the palladium atom to interact with this 'distant' 
aryl ring fails to bring about chelation.
No products were obtained when A3 was mixed with 
HAuCl^ , (Et^N) AuCli*, or [ (C6H 5) 3P]Au(OAc) .
2. 2-Benzylaminopyridine Adduct.
Both a salt, (LH)2PtClg158, and adducts,
ZnL2(NO3)2188 and CdL2X2 (where X = Cl, Br, and I)180, 
have been reported to form from a reaction of 2-benzyl- 
aminopyridine, AA, and metals. This ligand has also been 
used as a complexing agent in photometric studies of 
niobium181, molybdenum182, and cobalt183. Attempts here 
were concerned with seeing if a cyclopalladated complex 
could be formed, utilizing either the pyridyl or secondary 
amine nitrogen atom as a donor atom.
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When PdCli*- and 44 were mixed in absolute ethanol 
only a 2:1 (ligand:metal) adduct was obtained. Characteriza­
tion of this new compound was based on elemental analysis 
and IR since this complex was insoluble in common organic 
solvents. Coordination is presumably through the 
pyridyl nitrogen since the NH stretch of this adduct 
(3310 cm-1) shifts less than 110 cm-1, from the free ligand 
(3205 cm-1), whereas the NH stretch of a quaternary amine 
is at 2735 cm-1 161+. Mixing this adduct with refluxing 
triethylamine led to decomposition and gave elemental 
palladium and free 44. No product of any type was obtained 
when Pd(0Ac)2 and 44 were mixed in refluxing glacial acetic 
acid.
3. 2-Vinylpyridine Adduct.
Two types of metal complexes with 2-vinyl- 
pyridine, 45, have been reported: adducts and cyclometallated
compounds. Adducts have been formed with the following 
metals: rhenium165, ruthenium166, cobalt167 170,
rhodium171-172, nickel 170-173, platinum171*, copper175-176,
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silver170, gold17, zinc159,170’176-178, and cadmium160*170. 
Cyclometallated compounds have been obtained with: 
rhodium (46179), rhenium66, titanium1 ,^ palladium (47180 
and 48181), and platinum181 182. The titanium complex is 
unique in that a 3-membered ring is apparently formed, 
i.e. titanium-pyridyl nitrogen-ortho carbon (C6), rather 
than the more obvious 5-membered ring.
C6 H5
Cl
Pd
47
0  Et
Cl
Pd'
48
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In attempting the preparation of 48181, which was 
desired for further work involving NMR studies, PdCli,2- and 
45 were mixed in absolute ethanol but only a 2:1 (ligand: 
metal) adduct was obtained (87%). Work up of the filtrate 
gave no evidence (from a 100 MHz Computer Averaged Transients 
study) for the presence of 48. Characterization of this 
new adduct was based on elemental analysis and IR because 
of its poor solubility in organic solvents. No characteristic 
stretch for an aliphatic ether (1150-1060 cm- '1)183 is seen, 
rendering 48 impossible. Assignment of a C=C stretch in 
the vinyl group proved impossible because of overlapping 
bands due to the pyridyl ring.
A mixture of this adduct and diisopropylethylamine 
in refluxing benzene was unsuccessful in producing a cyclo­
metallated complex; only the starting material wTas recovered.
4. 2-Stvrylpyridine Adduct.
An adduct, W(CO)5L 181t, and two cyclometallated 
compounds, one with platinum(II)185 and one with rhodium(III)178^ , 
are the only previously reported metal compounds with 2- 
styrylpyridine, 49.
49
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Reaction of 49 and PdCl^2- in absolute ethanol led 
to isolation of a 2:1 (ligand:metal) adduct. Characterization 
of this new compound was established by elemental analysis 
and IR since the solubility of this adduct was limited 
in common organic solvents. The 850-650 cm-1 region in the 
IR of the adduct is unchanged from that of the free ligand 
indicating that metallation of the aryl ring has not occurred.
Although electrophilic attack by palladium on the 
double bond is feasible, as in the case of the rhodium 
cyclometallated compound179^, the insolubility of this 
adduct probably accounts for the failure of this ligand 
to raetallate with this particular metal source.
5. 2-Methyl-6-styrylpyridine Adduct.
No metal complexes of any type have been 
reported with 2-methyl-6-styrylpyridine, 50. Reaction of 50 
and PdCl^2- in absolute ethanol yielded a 2:1 (ligand:metal) 
adduct. Characterization of this new compound was based 
on elemental analyses and IR since this adduct had poor 
solubility in common organic solvents. The 850-650 cm-1 
region of the IR for this adduct is identical to the ligand's 
spectrum indicating metallation of the aryl ring has not 
occurred.
Me 
50
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The methyl group did not increase the solubility of 
this compound as was hoped. Hence, once again, electrophilic 
attack by palladium is presumably hindered by the adduct's 
extreme insolubility. Attempts to produce a metallated 
complex by heating this adduct in refluxing decane or by 
treating this sample with a base, Et3N, were futile.
6 . 2,6-Distyrylpyridine Salt.
No metal compounds of any sort have been 
reported for 2,6-distyrylpyridine, 51. Reaction of PdCl^2 
and 51 led to isolation of a salt, bis-(2,6-distyrylpyridinium)- 
tetrachloropalladate(II). Characterization of this new 
compound was based on elemental analysis and IR since this 
salt exhibited no appreciable solubility in common organic 
solvents. The 850-650 cm-1 region of the IR for this salt 
was indistinguishable from that of the free ligand revealing 
that the phenyl rings are still monosubstituted and hence 
unmetallated.
51
I V
Apparently the basicity of this ligand's nitrogen 
has been increased sufficiently so that a proton is easily 
abstracted either from the solvent or from water due to 
hydration of Li2PdClu. This facile abstraction therefore 
prevents coordination of a palladium atom and any chance
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of metallation.
Attempts to produce either an adduct or a metallated 
complex by either heating the salt in refluxing decane 
or treating this salt with a base, Et3N, were unsuccessful.
7. Di-2-pyridylketone Adduct.
Although two modes of chelation for di-2- 
pyridylketone, 52, are possible, one involving N,N-coordination 
and one involving !N,O-coordination, only the former has 
been reported to occur. Metals complexed with 52 have 
included: U(IV)186, U(VI)186_188, Mn(II)189, Fe(II)189~190,
Fe(III)190-191, Co(III)189-192, Co(III)190-191, Rh(I)193, 
Rh(III)199, Ni(II) 189>195"196, Pd(II)197, Cu(II)19e-199, 
Zn(II)200, and Sn(II)201.
52
The previously reported187 palladium(II) compound,
PdL(SCN)2, was reported to be ^-bonded according to IR 
data. It can be heated to its decomposition point without 
evidence of conversion into the N-bonded isomer, unlike the 
analogous 2,2'-bipyridyl complex. No data for the 
chelating ligand was given.
A mixture of PdCl^2- and 52 in methanol yielded the 
N,N-bonded adduct in 78% yield. The carbonyl stretching 
band in the free ligand is at 1680 cm-1 whereas in this
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adduct it is at 1690 cm-1. More importantly it has been 
greatly reduced in intensity because of solvation with 
formation of an alcoholated ketone. This is not an 
uncommon result with this ligand and has been previously 
observed with complexes of Cu(II)191 and Co(II)192. 
Elemental analysis concurs with this assessment of an 
alcoholated ketone group.
8 . Phenyl-2-pyridylketone Salt.
Previously reported metal compounds of phenyl- 
2-pyridylketone, 53, involve either a pyridinium salt,
(LH)2PtCle202, or adduct formation via chelation with 
Ti(IV) 203, Cr(III)203, Mo(V)204, Mn(II) 203’205, Fe(II) 206 , 
Fe(III)203, Co(II)2 0 3 >20 5 , Rh(III) 207, Ni(II) 205, and 
Cu(II)19e’206.
53
PSJ
A mixture of ^dCli*2- and 53 in alcohol yielded a 
pyridinium salt, (LH)2PdCli,, in 97% yield. The carbonyl 
stretch in the free ligand is at 1660 cm-1 whereas in this 
salt it is at 1670 cm-1 but of equal intensity. Since 
palladium(II) is a relatively soft acid whereas oxygen 
is a hard base little or no interaction between these two 
atoms would be anticipated. Hence, chelation via 1^ ,0-
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coordination would be unexpected. Apparently the basicity 
of this pyridyl nitrogen is high enough to remove a proton 
from either a solvent molecule or more likely from a 
water molecule. This proton abstraction thus negates any 
chance of N-coordination to a palladium atom.
Treating this salt with triphenylphosphine results 
in the formation of bis(triphenylphosphine)dichloropalladium(II) 
and isolation of the pyridinium salt.
9. Caffine Adduct.
Metal complexes with caffeine, 54, are of 
three types: 1) a carbene compound with Ru(III)209; 2) an
adsorption compound with Pd(CN)2210; and 3) adducts formed 
with Mg(II)21^, Mn(II)211, Fe(II)211, Co(II)211, Ni(II)211, 
Pd(II)212, and Cu(II)213-21e.
Me
N
54
Interest centered on the possibility of a five-membered
o I o
cyclopalladated ring forming. An X-ray study of a 
polymeric compound, [CuCl2(caffeine)H20]n> revealed that 
one of the 3-N methyl protons is approximately in the 
sixth octahedral position of a copper atom. Hence inter­
action of this methyl group with a metal center coordinated
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to the 9-N atom is likely.
From a reaction of caffeine and PdCli*2- in alcohol 
a 2:1 (ligand:metal) adduct was obtained. Presumably 
coordination is through the 9-N site since the IR stretches 
of the carbonyl groups remain unchanged in position (1710 
and 1660 cm-1) and intensity upon coordination. This 
adduct had been previously prepared212 from an acidic aqueous 
solution of caffeine and PdCl2 but the only datum given 
was per cent palladium. It was hoped that a different 
reaction medium might have produced the desired metallated 
compound. Treatment of this adduct with a base, Et3N, 
led to decomposition and recovery of metallic palladium 
and free ligand. A mixture of Pd(0Ac)2 and caffeine in 
refluxing glacial acetic acid yielded only starting materials.
10. Thioanisole Adduct.
Previously reported metal compounds of thio­
anisole, 55, involve three types of coordination: 1) tt-
complexation; 2) adduct formation; and 3) metallation.
The m-complexes synthesized are a Cr(0) compound, Cr(n6-55) 
(CO)3217, and an Fe(II) compound, [Fe(n5-C5H 5)(n6-55)]I218. 
Adducts have been reported with Fe(II)218, Ru(III)228-221, 
Pd(II) 222-223, and Pt(J.I)2214-226. Metallation of the 
methyl group occurs when 55 is treated with butyllithium227.
Attempts here centered on whether or not a cyclo­
palladated complex using sulfur as the donor atom could 
be formed. A mixture of 55 and PdCli*2- led to rapid forma-
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tion of a 2:1 (ligandrmetal) adduct. Efforts to produce 
a cyclometallated complex by treatments with bases, Et3N 
or NaC2H 302, were unsuccessful. A mixture of 55 and Pd(0Ac)2 
in glacial acetic acid failed to react and returned 
starting materials.
Mixtures of 55 and AuCl^- did produce solid products, 
unfortunately these products were unstable and decomposed 
over a period of 24 hrs. Attempts to produce a gold(I) 
compound with 55 were fruitless since no products were 
obtained from mixing 55 with either Vi-Diphos (AuCl) 2 or
which have been previously reported with benzylmethylsulfide,
56. Palladium(II) 19 > 73 and platinum(Il) ^ 21+~22 5 >228 are 
the only reported metals involved in coordination with 56. 
Attempts here centered on trying to obtain a cyclometallated 
complex with palladium and/or gold.
A 2:1 (ligand:metal) adduct was obtained from a 
reaction of PdClt*2- and 56 in 76% yield. Attempts to 
cyclometallate this adduct by treating samples with either
[(C5H 5)3P]Au(OAc).
11. Benzylmethylsulfide Adduct.
Metal adducts are the only type of complexes
SMe
56
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Et3N or NaC2H 3C>2 were unsuccessful. A mixture of Pd(0Ac)2 
and 56 in refluxing glacial acetic acid returned starting 
materials.
As with thioanisole, a product was obtained when 56 
and AuCli+~ were mixed but its slow decomposition did not 
allow isolation of a pure component. Elemental analysis 
indicated that there was at least one ligand moiety per 
gold atom. Attempts to produce a gold(I) compound with 
[(CgHs)3P]Au(OAc) or jj-Diphos(AuCl)2 were similarly futile.
D. Attempted Reactions
1. m-Methoxy-N,N-diethylbenzamide.
It is well known44,5,53 that benzyldiethylamine 
forms cyclometallated compounds with a variety of metals 
including lithium and palladium. m-Methoxy-N,N-diethyl- 
benzamide, 57, has been reported229 to undergo ortho-lithiation 
with sec-BuLi. An attempt with Pd(0Ac)2 and 57 in refluxing 
glacial acetic acid was made to see if palladation could 
be extended to the same system; however, only starting 
materials were recovered from this mixture. Apparently 
the amide nitrogen has been sufficiently reduced in basicity 
so that coordination with a palladium atom is unlikely.
° * C - NE,2
O M e
57
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2. 2-(4'-Nitrophenyl)thiophene.
2-Phenylthiophene is reported to form a 
Tr-complex with Cr(0)230-231. No other metal compounds of 
any sort are known. Attempts to produce either an adduct 
or a cyclometallated compound with 2-(4'-nitrophenyl)- 
thiophene, 58, with either PdCl^2- or Pd(0Ac)2 were unproduc­
tive. The lone pairs of electrons of thiophene are 
apparently too diffuse to allow sufficient coordination 
ability.
58
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SUGGESTIONS FOR FUTURE RESEARCH
This research has suggested several areas which should 
be further developed. One concerns the possibility that 
there is some multiple bond character in these palladium- 
aryl carbon linkages. A 13C NMR study of these palladium 
compounds would allow one to examine directly the influence 
of a palladium atom on both the aryl ring and particularly 
on the metallated carbon atom.
The possibility of forming a cyclometallated compound 
with gold is still a tantalizing prospect. One endeavor may 
start with an organolithium compound, such as 59, which 
is then mixed with an anhydrous gold halide, such as 
(Eti,N) AuCli4, to hopefully produce the desired compound.
59
Another area which could be explored is the formation 
of a cyclopalladated complex via oxidative addition of a Pd(0) 
compound, e.g. Pd(PEt3)1+, with a ligand such as 60.
189
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An attempt should be made to see if a cyclopalladated 
complex with 2-ethylpyridine, 61, is feasible. If so, then 
perhaps a biscyclometaliated complex using either 62 or 63 
may be synthesized. Here two different types (sp2 and sp3) 
of carbon atoms would be involved in metallation which 
vrould be a unique example.
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